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ABSTRACT 


The object of this behavior study was twofold: to determine the 
social organization within a colony of Richardson's ground squirrels and 
to determine any relationships between different aspects of activity and 
social status of the individuals. Ground squirrels were live-trapped and 
dye-marked for field identification. All individuals were observed five 
days a week from 8:00 to noon and from 2:00 to 6:00 p.m., M.D.T., the 
periods of greatest above ground activity. Activity was recorded at five 
minute intervals and all components of interactions between two ground 
squirrels were noted. 

Female ground squirrels in this parkland ecotone occupied nearly 
exclusive spatial territories although trespassing by individuals occurred. 
Territorial boundaries were most distinct when young animals were born and 
living underground. Territories in this colony were arranged spatially 
in a series of concentric rings. There is some evidence for a hierarchy 
superimposed on a territorial system of social organization in that fe- 
males in the center are dominant over their more peripheral neighbors in 
some circumstances. There is also a tendency among female ground squirrels 
to actively seek a central position within the colony. 

There were more interactions between neighboring animals than non- 
neighbors. Chasing was the most frequent type of interaction between 
non-neighbors but both attacking and threatening only were more frequent 
between neighbors. The most severe components of interactions, attacking 
and fighting, were most common during those parts of the season when 
territorial boundaries were least distinct. Both the severity and fre- 


quency of interactions decreased prior to the onset of torpor. 
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Data for eleven types of activity were compared for central and 
peripheral females. There were no significant differences between the 
two groups for any non-social activity (feeding, food gathering, digging, 
bedding material collection, grooming and sunning). The social activities 
‘considered were alert behavior, investigating, visiting burrows, marking, 
and interacting. Differences between groups for two types of social 
activity were significant. The occurrence of both marking and interacting 


was higher for central than for peripheral females. 
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INTRODUCTION 


The purpose of this behavior study was to determine possible rela- 
tionships between different aspects of activity and social status within 
a group of ground-dwelling sciurid rodents, Spermophilus rtchardsonit 
rtchardsonit (Sabine). This species of ground squirrel is particularly 
suited to a field study of this type, since it is completely diurnal and 
all above ground activity occurs between April and August; this period is 
delineated by the emergence from and subsequent re-entrance into a period 
of torpor. 

There is little precedent for a study of this type. Studies of 
individual aspects of activity are frequently confined to a laboratory 
situation. In many laboratory studies, animal "activity" has been grossly 
subdivided into two categories: "motor" activity, measured by revolutions 
in a running wheel, and "exploratory" behavior, measured by the number of 
Squares crossed on an open field board (McClearn, 1959 and 1960; Thompson, 
1956; Wimer and Stearns, 1964). Southwick and Clark (1968) found different 
correlations between "aggressive'' scores and open field behavior for two 
strains of mice, and Lagerspetz (1961) found a slight correlation between 
aggressiveness and both categories of activity among individuals of one 
strain of mouse. 

When activity “in further subdivided into components such as feeding, 
grooming, mahal the tendency among investigators has been to tabulate the 
activities of a single animal throughout a given time interval (Wiens, 
1969), or to simply describe an activity based on a composite of group 
observations (Balph and Stokes, 1963; Clark and Denniston, 1970). "Activ- 


ity" in field studies on ground squirrels has been used to refer to the 
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presence or absence of animals above ground at different times of the day 
or during different times of the year (Bradley, 1967; Clark, 1970; Shaw, 
1945). Seasonal variations in various components of activity have been 
documented by Yeaton (1969) for different sex and age classes in S. rich- 
ardsonit. My study considers a variety of activities common to all mem- 
bers of a colony of ground squirrels with the aim of comparing individual 
differences in the frequency or duration of these activities. 

Relating aspects of activity to social status for S. rtchardsonit 
is complicated by the absence of adequate information on the social organ- 
ization of the species. Studies on other species of ground squirrels 
have indicated a variety of social organizations within the genus Spermo- 
philus. A linear hierarchy has been described for the golden-mantled 
ground squirrel (S. lateralts) in laboratory experiments (Grubitz, 1968), 
while Wirtz (1967) suggested a grouped social order (one dominant and 
Palen subordinates) for the same species under an artificial situation 
in the field. Balph and Stokes (1963) reported a linear rank order among 
neighboring males of a S. armatus colony and Turner et. al. (1970) have 
recorded the same type of social organization for S. trtdecemlineatus. 
Quanstrom (1968) described a group social hierarchy for female S. richard- 
sonit composed of one dominant female with subordinate and "outcast" fe- 
males in the colony. He mentions little about organization among males 
or the social relationships between males and females. In addition, the 
type of social organization described as "typical" for a species may vary 
seasonally; a system that is manifest during the breeding season of a 
species may be modified or absent during the rest of the year. 

Due to the aforementioned complications, the purpose of this study 


is twofold, and the achievement of the second objective is dependent upon 
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completion of the first: 

1. to determine the type of social organization within a colony of 
Richardson's ground squirrels throughout the season of above ground activity 
and the relative rank of the animals independent of any territorial in- 
fluence. 

2. to record the frequency and duration of different types of ac- 
tivity for each animal in the group and determine any consistent relation- 


ship between aspects of activity and social status. 
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THE STUDY AREA 


The field work was done on the northern side of Ministik Lake 
(Lat. 53°22", Long. 112°59'), 38.3 kilometers (23 miles) southeast of 
Edmonton, Alberta. The 0.72 hectare (1.78 acres) comprising the study 
area is part of a larger area maintained as a waterfowl refuge for the 
past 30 years. Public access is limited and there have been no recent 
attempts to alter the ground squirrel population by removal trapping or 
poisoning. 

The area of mixed grassland-woodland is typical of the aspen park- 
land ecotone described by Moss (1955). The ground squirrel colony was 
located on 0.40 hectares (0.99 acres) of open grassland in the center of 
the study area (Figure 1 ). The open area was bordered on two sides by 
woodlots and on the third side by a marsh. The fourth side was bounded 
by large patches of thistles (Cirstum vulgare). These three types of 
barriers provided natural limits to the open areas utilized by the ground 
squirrels and also decreased access to ground squirrels outside the area. 

The woodlot capbowiwess formed by aspen (Populus tremulotdes), bal- 
sam poplar (P. balsamtfera) and willows (Saltx discolor) along with a very 
few white spruce (Picea glauca) and black spruce (P. mariana). The major 
shrub surrounding the woodlot was wild gooseberry (Ribes hirtellum). Dan- 
delion (Taraxacum ceratophorum and T. offtetnale) and pussy-toes (Anten- 
narta ntttda) extended from the edges of the woodlot into the open grassy 
areas. The major grasses on the study area were Poa pratensis and P. 
nervosa. The grass was kept short fy a herd of cattle which was pastured 
in the area from mid-May to the end of September. Between the marsh and 


the study area were large patches of foxtails (Hordewn jubatwn). Marsh 
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Figure 1: Map of study area near Ministik Lake (Lat. Cet ; 


re} ! 
Long. 112° 59 ). 
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vegetation was predominantly reed grass (Calanagrostis canadensis). 

Predation on the ground squirrels was attempted by long-tailed 
weasels (Mustela frenata), coyotes (Cants latrans), and red-tailed hawks 
(Buteo janatcensts) while the study was in progress. Other potential 
predators on the population were short-tailed weasels (Mustela ermtnea) 
and other species of large hawks. 

Three types of ground squirrel burrow entrances were found on the 
study area. The most readily noticeable are those surrounded by a large 
mound of dirt one to two meters in diameter. Re-excavation of a burrow 
system by the occupant in spring and continued maintenance of open passage- 
ways results in continuous additions of dirt to the mound throughout the 
season. After all adults have begun torpor the mounds are often overgrown 
with thistles and grasses. Burrow entrances surrounded by large dirt 
mounds will hereafter be referred to as major burrow entrances. 

Surrounding a major burrow entrance are many small holes seldom 
greater than six centimeters (2.5 inches) in diameter. These are almost 
always connected with the major burrow entrance and are not surrounded by 
dirt mounds. All the dirt removed in excavating these "back doors" is 
hauled back to the major burrow entrance and deposited on the dirt mound. 
Grass immediately over the hole is cut and pulled back into the hole. The 
number and location of these small holes changes over the season and 
occasionally one of these may be enlarged to form a major or secondary 
burrow entrance. These "back doors" are more properly called minor burrow 
entrances. Major and minor burrow entrances together comprise a major 
burrow system. 

Occasionally a burrow entrance will be excavated and dirt deposited 


around outside but the dirt pile never reaches the proportions described 
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for major burrow entrances; the pile diameter may be one-half meter or 

less and there are seldom more than a few minor burrow entrances connected 
to it. These secondary burrows are most frequently found near the periphery 
of an animal's defended area. Secondary and minor burrow entrances together 
comprise a secondary burrow system. 

A fourth type of burrow entrance was found around the periphery of 
the open area and in the woodlots and thistle patches. The hole, like the 
minor burrow entrances, was seldom more than six centimeters in diameter, 
but there was frequently a small amount of dirt scattered around the en- 
trance. There were no minor burrow entrances associated with these per- 
ipheral burrows and the tunnel usually ended blindly within a meter. These 
peripheral burrows were never observed to be defended and provided only 
temporary shelter from a predator or from the aggressive advances of an- 


other ground squirrel. 
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MATERIALS AND METHODS 


Preliminary behavioral observations were made in 1971 and all 
animals present that season, including almost all juveniles, were marked 
for identification the following year. Records for 1971 were incomplete 
and only the data for the 1972 season were utilized in statistical tests. 

In 1972, all animals were live-trapped for the first time within 
two weeks of emergence from winter hibernation. Traps were made from a 
coil of copper wire similar to those described by Prychodko (1952) and mod- 
ified by A. L. Steiner to include a one-way door at each end of the coil 
(Figure 2). The traps could be bent and were placed just inside a burrow 
entrance, providing a successful and highly selective method of trapping. 
The animals could be tagged and dyed while in the trap without direct 
handling. 

Adults were ear-tagged with #1 fingerling ear tags and juveniles 
were toe clipped for positive identification. For field observation, 
each adult was given an individual dye mark, using Miss Clairol velvet 
black (#51S) commercial hair coloring for female ground squirrels and Miss 
Clairol flame (#33S) for males (Figure 3). Animals were held in the trap 
for about an hour until the dye mark was dry and were released into a 
plastic bag and weighed before being released at their capture site. An- 
imals were re-trapped and redyed whenever the identifying mark became too 
faded to see from a distance; usually redying was necessary every month 
and a half to two months. Observations on activity were not recorded on 
days when re-trapping and redying was in progress. 

Observations were made from two six-foot towers at either side of 


the study area. Blinds were not used and were not necessary. After the 
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Figure 2: Female Richardson's ground squirrel in coil trap. One-way 
doors at both ends of the trap were wired shut to prevent 
accidental release of the animal. 


Figure 3: Female Richardson's ground squirrel with black dye mark on 
shoulder. Dye marks were identical on both sides of the 


animal's body. 
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first few days, the squirrels ignored the presence of observers on the 
towers and eventually even the movement of observers through the colony 

at the beginning and end of each observation period did not cause any 
major alteration in the squirrels' activity. There was no noticeable 
avoidance of the towers by the squirrels and the only direct effect on the 
animals' behavior was observed infrequently on very hot afternoons when 

the squirrel closest to tower two would lie in the shade of the tower plat- 
form for brief intervals. 

Observations of the population were made for four or five consecu- 
tive days every week, weather permitting, from mid-April until the end of 
August, 1972. During heavy rains or high winds, the ground squirrels re- 
mained underground or came above ground very infrequently and observations 
were discontinued. Observation days usuaily ran from Monday through Fri- 
day unless inclement weather disrupted the schedule for more than one day, 
in which case observations were continued on Saturday and Sunday. Daily 
observations were made with the aid of 7 X 35 binoculars from 8:00 A.M. 
to noon and 2:00 to 6:00 P.M. Mountain Daylight time. Ground squirrels 
are unimodal in activity in April but by May are already bimodal on moder- 
ate and warm days. The time intervals were chosen on the basis of the 
first year's field work (1971) to encompass the peaks of activity for most 
of the season. 

The data for 1972 are more complete than records for 1971 since 
during the second summer I was aided by an assistant and the entire study 
area could be observed. Each observer covered approximately half of the 
field with an area of overlap in he center. Comparison of the data re- 
corded for the more central animals showed no major differences in the 


information recorded by my assistant and myself. We exchanged places each 


a on (I - ro, eee ee Pf ae a tae ow eo 
ee Fay NC Nc te ie cy! ener et nae 
MTS ee ¥ } ig ac 


4 


al iy 


eft po aievisede To sonaastq sift sabe — a eeeb, wa 
yroloo aft dgueid? arevrsede Yo Imsmeyom erlt a“ vil eosaovs, as pt “a 
yas Sauno ton bEb Bolreq noljaviseda fogs to bas bas 
sidsesiten on esw Sted? .ydiviens ‘elevatups ods ak molsexeata 

oo a0 dasties acexth vino efs.bos eloxxiupe ans wd eyawos ‘eck tos ae ar 
a 


Bey, 


nodw eccantetis jod yrav so ylasenpst ink bavisado saw solvaded " 


~tely. sawot eft to abede as--ah. Bil bitow owl tSwod ot gagualo Leman 
mh WY) 
' webaversaat tekad sob 

A yA 2 

7 i BP 

“~yoesenos avi to wiot Tol Bbsin svew ookielugeq saa 26 enotsaviced) 


16 bro ed? Lisew itaqAbio mor? gaksatorreg teiisew ,aesw atid oxsb 6 
-91 alowrivpe baworg odd .ebotw dyid to emtes yveed: gatind STOL “a 


r 


anoisevieado bre yidasupstic: yrev /bavorg, sveds sino to Bawo: 


~itt dgvorsa yshnoM wo1l. mst vitsyau eysh molisvasedO Deuntsagoant 
‘Yeh sno nad ate ret slpberloe sit, betqurekb woteow Anon ont: Ro: 
yited .yebeue bp ysbawtsd no bauntioo eis aah bins sate a 
M.A 00:3 mort exsinsoatd t&) Kl to bes: eas satw shen ous ime 
elorxiupe bavexd .emba sdgtiysd arse Hd er & 03 O0:e ban ot | 
~yeabom ao Ishamtd ybsetis ote yeM vod tod aaa nt Yereiaee, sk t sbi bos Ke ’ 


oi3 Io shaad ed? no gaat stow uleysazat ‘oii oat’ sash nsw Male. on 


Jom #62 yotvisoe Yo ddasg add aeaqmoone oF F (eek) aeowe biokt etsy tent 
0898 oa to E ; 
sonte (Vel nok ebvooss mat estoiemes errom Gite SOL. ‘202 nish dt 

yhu3e evitas edt bas instetses an Yd) bebis. esw : rail baosae ody andzuh 
oi7 10 Tied ylesjamixorggs bexsvoo tevreedo Pa -bevrsedo ad tplisies ssi 7 - 
~o1 s38b si2 to mogiseqne) ,1side9 sft mi geixsvo to seis os dtiw biokt - | ; 

ofS at soonexstith robem on bewode eleitas teximeo e10m sd3 10% bebr09 
dome cassia Sagmidsas’ sh .Atseys bao dasa 


Ws 


morning and each afternoon so that both of us were familiar with the en- 
tire area and with each individual animal. Alternating positions of obser- 
vation would also cancel any slight differences between individual obser- 
vers which might otherwise influence the results of statistical tests. 

The activity of each animal was recorded at least once every five 
minutes and each half of the area was under continuous observation so that 
changes in each animal's activity would be noticed. The majority of non- 
social activities (feeding, grooming, digging, etc.) were usually contin- 
ued longer than five minutes and were recorded only once per interval. 
Various activities of less than five minutes duration were recorded as 
fractions of an interval. A few activities (marking, visiting, and in- 
vestigating) which were completed within a few seconds were recorded by 
frequency only. For statistical analyses, each occurrence of these ac- 
tivities was considered to be one minute in duration. The movements and 
postural components of interactions between two animals were recorded in 
their entirety. Numbered stakes were used to indicate the major burrow 
systems on the area and the location of the animals at each interval was 
estimated and recorded with respect to these stakes and other prominent 
landmarks. 

In addition, notes were made every one and one half hours esti- 
mating degree of overcast or cloudiness and wind velocity, the latter 
using a Beaufort wind scale. Temperature was recorded near the beginning 
and end of each of the two daily observation periods. Temperature readings 
were taken in the shade of one observation tower platform approximately 
six feet above ground level. 

Most of the data used for statistical comparisons was analyzed 


using a chi-square test for goodness of fit and chi-square 2 X 2) test..of 


_ tS 
: Fe\e iit J i AA 
Sf ty Wig Hid 2 
¥ 4 , “"y 
iv re 7 i 
: i uy J , 


nao off dtiw an ghdine® sYew au to Pereronwen poomrestn a ~_— 
-ysado to enoltiee gaigenresfA saat fawbbybbok «289. ore 
~rsedo [evblvibak neewisd esonexstiib gigtle bins foones esis 
.ateo3 Isviteisese to eiinaex ody sonaul tat snnesoiybtigtat 
svit yrovs somo desel J& babronat gee: fombes A989. fo eakviaon ¢ 
ied ov soltevreado evounitaoo vebhy esw sews of? Ro Pad, dose t | 
“non to yiivotar sdf jbeabten ea bivew qvivitos @' Lemtas toss a a = 
~ftuaoo ylisuay stow (9239 ,gatgeakh .gakmoot .eekbag2) eoisivisa6 2 
 feytatnt *eq sono yino babrossy eaTow bas, ebaunkin sviit apdd 4: 
es belwooss sisw nobisieb esaumio svit wedi easel te qakomitsen 8 , i, 
“i bos ,gniskaiv yanidsen) estaividor wot A .devaetat om to ~ 
ud bobtooay stew abnosoa wal ‘5! akdtiw bsigiqnoo sitsw dokdw { nb t8y 
-os seeda 10 aoneriuese. toes ,esaylens isoliaisaia ree, anaes rs alee a 


¥ 


bos atnaemevom ofl  .aobtexrub wi 5juaia sco Sd 03! borebteneg eae 4 estab it 
_ é MA 


at bebtogex stew elembns ow? Hegeasl suobaoniases ho adgacoqmod Ls 
vor1ud xotam sft sisotind o4 beer 9mew ‘dgaisas botadauk satan 
esw Ievieint dose ts alemine ofJ 20 mobsssod edz bes seve 92.90) aes 
insalnoxg tedjo bas asdste seeds) od’ Joogeet ddiw, bsbsooss hens es wie 


~bied exvod ifsrl Sno bre acto ACIS¥® shan sxsw ator wrodatbds ay ae 
yaitel odd ,witooLler ibatw bab aesnibuol> 30. Jasox19v0 to aah ee 
gatnntged sit xpos bebross7 oad asudtsreqmel salmon baty txotused 8 aitapr 
egetbssx siuaetsqnst rabolreq a io hte, ous say bs) fone Qo be oe 
| _ Hetemtxorggs msotsaig Tswo3 ontaenreiye sao on woes ait ak sotes 9 
glans anil iatetaihi Sania id frat a eee 

to 3a93 SAE ert te ene 28 to -renbe 02 3 ; Yeo) Froupe- 


; = 
e i: - — = 

i] 
Y _ 7 io we 


rs 


independence. Where other tests have been used, the test value as well 

as the probability value are given in parentheses. The letter preceding 
the test value indicates the test used. Tests used and their abbreviations 
include Student's t-test (t), G-statistic (G), sign test for the paired 
ange (Z), coefficient of correlation (r), and Mann-Whitney U-test (U; for 
large sample sizes, the value T is given). Probability levels without 
accompanying test values indicate the use of a chi-square test. In all 
statistical tests, p<.10 was considered slightly significant and values 

of p< .05 were considered significant. Formulas for each test may be 


found in Sokal and Rohlf (1959). 
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THE POPULATION 


In 1971 there were 13 ground squirrels on the study area; one male, 
11 females, and one animal which did not raise a litter but resisted all 
attempts to capture it. Additional trapping of the entire pasture area 
gave a total of four males and 22 females, an overall ratio of one male: 
5.5 females. Forty-seven young survived long enough to come above ground 
and were the offspring of nine of the 11 females on the study area. Eight 
of the 11 females overwintered successfully and seven re-established them- 
selves on the area in 1972. No adult males from 1971 were trapped in 1972 
and of six juvenile males established on the area in late August, only 
one was re-trapped in 1972. Of the 15 juvenile females who did not dis- 
perse in 1971 but defended portions of the study area, seven survived the 
winter and the mothers of at least six of the surviving juvenile females 
themselves overwintered successfully so that a number of female-young 
pairs were present in 1972. 

In 1972, the population of the study area increased, as did the 
total number on the entire pasture. Total population of adults in the 
pasture was two males and 36 females (one male: 18 females). The popu- 
lation on the study area in 1972 consisted of one male and 17 females two 
weeks after emergence from hibernation. One female disappeared within a 
few days after it was first trapped and two females were taken by a wea- 
sel on June 14. Aside from these losses, the adult population remained 
constant until early July, when some animals disappeared underground to 
commence annual episodes of ee iaiidngs Of the 16 females whose activity 
provided the majority of the data recorded, seven were adults that had 


lived on the study area in 1971, seven were yearlings born on the study 
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area in 1971, and two females were unmarked, indicating that they moved 
onto the area either after the last week in August, 1971, or shortly after 
emerging from hibernation in 1972. It is likely that the two previously 
unmarked animals were yearlings since a higher percentage of juvenile fe- 
males than adult females eer” from a settled area (D. Michener, 1972). 
Although weight at emergence from hibernation can be used as an estimate 
of age for some species of ground squirrel (A. L. Steiner, pers. comn.), 
there is no consistent difference between weights of female adult and 
yearling Richardson's ground squirrels. Other methods suggested for aging 
ground squirrels require sacrificing animals (Karpukhin and Karpukhina, 
1971; Montgomery et. al,, 1971) and are incompatible with a behavior study. 

Fifty-five young survived to come above ground and were the offspring 
of 11 of the 16 females on the study area. Young ground squirrels remain 
underground for three to four weeks after birth and undoubtedly some young 
do not survive this period oe female transferred nine live offspring 
to another nest a few days after birth; three weeks later, however, only 
five were observed above ground and trapped). Judging from external 
appearances, almost all females appeared to be pregnant, but five of the 
16 did not show signs of lactation. Of the 11 females with litters, five 
were adults, five were yearlings, and one was of unknown age class. 

The one male was a yearling who moved onto the study area from 
elsewhere as a juvenile in 1971. Adult males became torpid by the first 
week in July in 1971; in 1972 the only male was last seen on June 5 and 
then disappeared. In 1972, some females without litters became torpid 
the last week in June and all jane fone by July 6. Some lactating females 


began torpor on July 14 and the last two were gone by July 29. 
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Individual animals are designated in the text by single capital 
letters. Where appropriate, additional information is given by letters 
in parentheses following the individual letter designation. The first 
letter in parentheses refers to the animal's age class: adult (A), year- 
ling (Y), or age class unknown (U). The second letter indicates whether 
a female raised a litter (L) or not (X) during the season. The number 
following the letters indicates ring location within the colony (1, 2, or 


3) and its significance will be explained later. 
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RESULTS 


PART I: SOCIAL ORGANIZATION 


Behavioral Components of Interactions 


To determine the social organization of the population, the inter- 
actions between individuals as well as the location of these interactions 
were analyzed. An interaction may be broadly defined as any visible be- 
havior of one animal which has a direct, prompt, and observable effect on 
the behavior of another. When two ground squirrels were in close proxim-— 
ity, one or more of the following behavioral components usually occurred 


(after Sheppard and Yoshida, 1971): 


ha Recognitive contact: 


Nose-to-nose: Both animals approach with tails extended horizontally 
and touch noses. This is often followed by "kissing", nose-to-nose with 
one or both animal's mouth anaes 

Nose-to-body: Sometimes follows nose-to-nose contact. One animal 
touches the body of another with its nose. 

Nose-to-anus: One or both animals touch the tail or anal region 
of the other. 

All three types of recognitive contact are frequent between adult 
females and their young and between young siblings. This type of behavior 
is infrequent between adults and agonistic behavior usually follows this 


initial contact. 


2. Avoidance: 
Active avoidance: At the approach or appearance above ground of 
one animal, another animal stops a given activity and moves away from the 
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first animal without any actual contact between the two. 

Retreat down a burrow: At the approach of an animal, another may 
cease activity and retreat down a burrow at the approach of the first. 
This behavior was common among peripheral females at the approach of the 


male. 


3 Agonistic: 


Threat: This is usually displayed first by a stationary animal 
towards an approaching animal; threatening may also be reciprocal. The 
back is arched, the tail angled upwards and bristled, and the rear end is 
directed towards the approaching animal. On animals close to the obser- 
vation towers it was noticed that the anal papillae are frequently extruded 
in this posture, and defecation of a single pellet was observed once. 

This. posture may be accompanied by sharp frequent calls. 

Challenge (called "arching" by Sheppard and Yoshida, 1971): This 
is similar to the threat posture but the side of the body is presented and 
the animal frequently advances broadside towards the approaching animal. 
This posture, too, is frequently accompanied by sharp calls. 

Attack: One animal leaps at or on the other. 

Fight: The animals roll over and over together, striking with 
both feet and teeth. 

Chase: A chase may follow any one of the aforementioned behavioral 
components. A chase is initiated in one of two ways: one animal runs to- 
wards another who flees at the approach of the first animal, or one animal 
already in motion is pursued by another. The length of chase varies from 
a few feet to the length of the entire study area. A chase may be followed 


by other agonistic components if the chaser overtakes the chasee. 
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4. Cohesive: 

Allo-grooming: One animal grooms the fur of another, using teeth 
or forepaws. 

Mutual grooming: Two animals groom each other, alternately or at 


the same time. 


Seasonal Intervals 

It is reasonable to assume that seasonal physiological changes 
characteristic of Richardson's ground squirrels as a species might also 
influence the behavior of the animals. Since combining activity frequen- 
cies and durations for the entire study period might obscure seasonal or 
individual differences, the season's data were divided into the following 
intervals for analysis: 

I. April 17 to May 7: This period of settling in began with the 
animals' emergence from hibernation. Old burrow systems were re-excavated 
and new burrow systems added. This interval included the beginning of 
territory establishment and agonistic encounters between individuals were 
frequent. 

II. May 8 to May 30: Young were born and remained underground; the 
majority of litters were born in the first week of this period. Defense 
of burrow systems and establishment of boundaries between neighboring 
territories was more prevalent during this interval than any other. 

III. June 1 to June 14: Young animals appeared above ground. Ju- 
veniles first emerged on May 29 and almost all juveniles had been trapped 
and toe-clipped by June l. During this interval young animals spent pro- 
gressively more time above ground and adult females tended to spend more 


time away from the immediate nest burrow vicinity. The male disappeared 
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during this period. 

IV. June 15 to June 30: This interval was characterized by changes 
in the spatial location of some animals and dispersal of the young. Two 
adult females were taken by a weasel from the eastern end of the study 
area on the afternoon of June 14, resulting in the re-organization of 
defended areas in that portion of the study area and the appropriation of 
portions of the vacant area by a more peripheral adult female. There was 
_a noticeable decrease in the number of young on the study area in the 
last week in June. This interval also included preparation for torpor 
among females that did not raise litters. If the loss of the two adults 
had not occurred, this interval would have been combined with interval III. 

V. July 1 to July 31: Young continued to disappear from the study 
area but at a much slower rate. Lactating females prepared for torpor. 
Non-lactating females had all become torpid by July 4, and all lactating 
females entered torpor by July 31. The social organization during each 


of these intervals will be analyzed and described. 


Social Organization during Interval I, April 17 to May 7 


1. Emergence and settling in. Before regular observations began 


on April 17, sporadic observations were made while trapping the animals 
for the first time in 1972 and during other short periods when the weather 
permitted. On March 26, the first two animals on the study area, both 
females, emerged from hibernation. On March 31 there was one more animal 
and by April 9 there were at least 10 animals, including the one male. 
During the following week, most of the study area remained snow covered 
and received a few more inches of new snow. Several animals fed within 


a meter of each other on the few exposed areas. Little agonistic 
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behavior was seen at this time. By April 17, the snow was gone from the 
grassland areas entirely, and the number of interactions increased to the 
highest frequency of the entire season (Figure 4). 

Twelve of the original 18 animals had hibernated around the peri- 
phery of the open area and six emerged from more central areas. Three of 
the peripheral animals moved towards the center and established themselves 
in areas between the central six animals, although one of the three was 
displaced at the beginning of interval II and resumed a peripheral po- 
sition (Figure 5). 

The three peripheral animals which attempted to relocate in a more 
central position on the open area followed a consistent sequence in re- 
sponse to attack from surrounding central animals. The challenger would 
make repeated trips to investigate a particular burrow system and would 
be consistently attacked and chased away. After a few days of running 
from attacks and threats, the challenger would avoid conflict by retreat- 
ing down the burrow. If the challenger was not routed at this point, she 
would begin to spend progressively more time in the immediate vicinity of 
the burrow and the frequency of attacks by neighboring animals decreased. 
Upon being threatened on the mound surrounding the burrow opening, the 
challenger would return the threat or engage in a fight rather than re- 
treat. The final step in acquiring a burrow occurred when the challenger 
began to initiate chases and attack trespassers on the burrow hill, even- 
tually establishing tentative borderlines between the area surrounding 
the burrow and the burrow systems of the next closest animals. The entire 
process occupied about a week. 

Beginning on April 17, females F and D frequently wandered into 


areas more central than their hibernation sites and were repeatedly chased 
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INTERACTIONS / ANIMAL / HOUR 


Figure 4: 


INTERVAL I 
INTERVAL IL 
INTERVAL TIT 
INTERVAL IV 
INTERVAL V 


Frequency of interactions between adult Richardson ground 
squirrels for the entire season of above ground activity. 
Frequencies were calculated only on days with favorable weather 
and for observation periods longer than three hours. 
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Figure 5: Overwinter location and subsequent movements of individuals 
during interval I, April 17 to May 7. The position of the 
individual symbols indicates overwinter location. 


——<) = movement after emergence 
O-G = burrow systems actively defended by animal 


*% = disappeared shortly after emergence 
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away. On April 19, female D began to retreat underground at burrow #35 
when threatened or attacked by surrounding females and on April 21 was 
observed to chase female E away from burrow #35; she continued to exclude 
other trespassers from the area for the entire season. Female F took 
longer to become established at burrow #19 and it wasn't until April 21 
that she retreated down the burrow at 19 rather than being chased away by 
the surrounding animals. Not until April 27 did she successfully exclude 
other ground squirrels from the immediate area around #19. 

Female O who attempted to move from burrow #14 to #42 followed the 
initial part of the settling in pattern in that she eventually took ref- 
uge down burrow #42 rather than being chased away. But she was always 
unsuccessful when she attempted to chase another animal away from the 
burrow entrance. Eventually, she herself was repeatedly chased away from 
#42 by other animals and when threatened her response was to flee rather 
than retreat down the burrow. By the end of interval one, she was spen- 
ding most of her time around burrow #14 which was more peripheral and was, 
by that time, unoccupied (female N moved from burrow #14 to #17). Even 
the presence of her litter which was born at #42 and kept there for a 
few days did not result in a strong enough site attachment for successful 
exclusion of conspecifics from the vicinity of burrow #42. Female 0 
finally abandoned #42 on May 8 when she moved five live young to a minor 
burrow entrance ten feet south of burrow #14, where all juveniles survived 
to emerge above ground at the end of May. 

The process of settling in is further complicated by the predic- 
ament of any two animals which emerge from hibernation within a few meters 
of each other, and the pam eine aeons crue encounters contribute to the 


high level of social activity. Since all adult females were dormant by 
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the beginning of August, juvenile animals which had not dispersed used and 
defended parts of or entire areas previously occupied by their mothers or 
other adults. If both adult and yearling hibernating in close proximity 

Survived to the following spring, then agonistic behavior between the two 


occurred periodically until one animal was displaced. 


2. Location of interactions. Although individual animals consis- 
tently occupied certain burrow systems, any territorial boundaries between 
these burrows were not consistent at this time. The term "central area" 
refers to the area containing the burrow systems of the eight animals 
(adult females A, F, and H, and yearling females B, C, D, E and G) closest 
to the center of the study area. The "peripheral area'' includes the bur- 
row systems of nine animals (adult females I, K, L, N, yearling females 
J and 0, females of unknown age class P and Q, and the male, M) around 
the outer edge of the study area. 

The majority of interactions occurred in the central part of the 
study area (Figure 6). There were fewer interactions around the peri- 
phery and analysis of the total number of interactions involving central 
and peripheral females indicated a significantly higher number of inter- 
actions for this interval among animals towards the center (U=58, p<.0l). 

The central area contained three adult females and five yearling 
females of which yearling D and adult F had moved in from a more peri- 
pheral position. The high number of interactions near the center was cer- 
tainly due in part to the conflict involved during the settling in of 
these two animals, but this would not account for the high number of in- 


teractions elsewhere around centrally located burrow systems. The total 
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number of interactions recorded for each animal can be subdivided according 
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Figure 6: Location of interactions during interval I, April 17 to May 7. 
Each solid dot represents one interaction between two ground 


squirrels. 
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to whether the animal initiated the encounter or whether the animal was 
involved in an encounter initiated by another ground squirrel. The two 
newcomers initiated the fewest number of encounters relative to their 
total score and their involvement rate is the highest among the central 
‘animals (Table 1). 

An additional factor contributed to the high incidence of inter- 
actions towards the center of the study area. Interactions involving the 
eight more peripherally located females were subdivided according to 
whether the second animal involved lived in a peripheral or more central 
position. Seven of the eight peripheral females showed a higher incidence 
of interaction with central females than with other peripheral females 


(Z 


77, p=.07)} 

It appears that female Richardson's ground squirrels actively 
seek a central location within a colony and the advantages of a central 
Over a peripheral position will be considered later. Evidence supporting 
this central settlement tendency includes: 1. the attempt of three animals 
to move from a peripheral hibernation site to more central burrow systems, 
2. the majority of interactions occurred in the central area, and 3. per- 
ipheral females interacted more with central animals than with other fe- 
males around the periphery. If there was no central settlement tendency, 
the locations of interactions should have been more evenly distributed 
over the area available as each animal sought to establish a territory. 
The disproportional distribution may indicate that there was more com- 
petition for central than peripheral locations. The rules of probability 
would predict that peripheral females would interact equally with all 
adjacent animals. That they interact more with animals centripetal to 


them might indicate more competition for space towards the center than 
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Table 1: Initiation and involvement rate in interactions of centrally 
located female ground squirrels during interval I, April 17 
to May 7. 


Total Number of initiaceon Involvement 


: i 
Female |Interactions Rate Rate 


Adults 


Yearlings 


are expressed as percent of total number of “interactions for each 


animal. 


* Animal moved into the central area from a peripheral position. 
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for space to either side. 


3. Components of interactions. Three hundred fifty of the 414 in- 
teractions occurring during interval I were subdivided according to the 
type of agonistic behavior that occurred during each encounter. Inter- 
actions in which more than one component of agonistic behavior occurred 
were classified according to the most severe (i.e. potential for injury) 
component. Thus an interaction involving a threat and chase would be 
tabulated under "chasing". Of the 66 interactions that were not included 
in the analysis, 29 were interactions involving three or more animals and 
are analyzed later as "compound" encounters; the remaining 35 interactions 
were not observed in their entirety and records of these encounters are 
incomplete (Table 2). 

Chasing was the most frequent component of agonistic behavior 
(Table 3). In addition, chases accompanied 28 percent of all attacks and 
85 percent of all fights. Attacks comprised nearly a third of all inter- 
actions. Interactions involving only threatening or challenging accounted 
for 13 percent. Fighting was infrequent as were interactions characterized 
by avoidance only. In almost all instances of avoidance, the trespasser 
retreated from an area at the approach of the resident; in two instances, 
the trespasser retreated at the approach of a resident's neighbor. 

The terms "resident" and "trespasser'' were applied to the two 
animals involved in an encounter with reference to the location of an in- 
teraction. A resident was the animal who had dug or re-excavated a burrow 
system at a particular location and who attempted to exclude conspecifics 
from an area around the burrow. A trespasser was the animal that was clo- 
ser to another animal's burrow system than to its own when the interaction 


occurred. As the ground squirrel social organization became more clear, 
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Table 2: Total number of interactions, number of interactions analyzed, 
number of compound interactions, and hours of observation for 
each interval, 1972. 


PP LOtaL nor 
Interval I Ti Tar IV V | season 


Total number 
of interactions 414 740 azo 290 4l 1810 
for each interval 


Number of 
compound 29 8 1 0 0 38 
interactions 


Number of 
interactions 350 649 283 274 4l Lise 
analyzed 


Interactions 


incompletely 35 83 41 16 0 75 
observed or 


recorded 


Hours of 
observation 44 79 38 58 Lire Soe, 


per interval 


to. Is30T 
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Table 3: Components of interactions for each interval. 


All figures 


are given as percent of total number of interactions 


analyzed (N) for each interval. 


Interval I 


Component 


Avoidance 


Threatening 
or 
Challenging 


Chasing 
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these terms were modified, and the alteration of these definitions will 
be presented later. 

During interval I, residents initiated 70.97 percent of 348 
encounters, while trespassing animals initiated 13.51 percent of inter- 
actions against residents (Table 4). The remaining 15.52 percent of total 
encounters were initiated by individuals at a location from which neighbor- 
ing animals usually excluded conspecifics. This was not an interaction 
initiated by a trespasser against the resident, but against a third in- 


dividual who was also trespassing. 


4. Compound interactions. Interval I has been described as a 
time of "settling in" when individuals become established at a location 
to the exclusion of other conspecifics. Interactions during this interval 
involving more than two animals occurred to a greater degree than at any 
other time during the season. These were termed "compound" interactions 
to indicate the participation of three or more animals, although no co- 
operative aggression is implied. 

Compound interactions were recorded only once after May 12 and 
did not occur after June 14. Of a total of 38 compound interactions for 
the entire season, 29 occurred during interval I, and the highest number 
per day was recorded during the first few days of observation in mid-April. 
Only two of the 38 encounters involved the one male in the colony. During 
the first interval when compound interactions were the most frequent, they 


only comprised seven percent of the total number of interactions (Table 2, 


pg. 30). 
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Table 4: Interactions initiated by residents, trespassers, and residents 
from an adjacent territory. All figures are given as percent 
of the total number of interactions (N) for each interval. 


Initiated by: Interval I re iad i IV V 
Resident 70.57 ieertis) 78.45 Bye ge 60.98 
Trespasser 14.29 9.255 P72 12.41 9.76 
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male 5.14 lee 
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5. Interactions between sexes and between age classes. The num- 


ber of interactions between females of different age classes (i.e. adult 
and yearling) and between females of different age classes and the one 
male were tabulated and analyzed statistically using a chi-square test. 
The number of interactions expected due to the number of animals present 
in each category was calculated and compared to the observed values. The 
following results were statistically significant (p<.05): Both yearling 
and adult females interacted with the male much more frequently than ex- 
pected by chance. During this interval the male wandered over the entire 
study area and interacted with each female (except one) between one and 
ten times. He was almost always threatened or challenged by resident fe- 
males and then chased. Although he was involved in 73 interactions, he 
initiated only six of them; in four of these six encounters, he chased 
trespassing females from the vicinity of his own burrow system on the 
periphery of the study area (#44). There were significantly fewer inter- 
actions between adult females and between adult and yearling females, but 
a greater number than expected among yearling females. The location of 
the central yearling females corresponds to the location of many of the 
interactions during interval I. In the peripheral area, there is a sig- 
nificant difference (p< .05) between yearling and adult females in the 
proportion of interactions initiated by individuals of each age class. 
Yearlings on the periphery initiated few encounters and had a higher rate 
of involvement in interactions initiated by adult females (Table 5). 
There was no corresponding difference between age classes among the central 
animals. 

Yeaton (1972) reported that adult females "tolerated their female 


offspring of the previous year to some extent" and that agonistic interactions 
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Table 5: Initiation and involvement rate in interactions of central 
and peripheral ground squirrels during interval I, fer tile ele 


to May 7. 
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between related adult females included significantly less fighting. Since 
the relationships between six pairs of females on the study area were 
known from the previous year, similar comparisons were made. There was 

no difference in either the frequency or severity of interactions between 


related as opposed to unrelated individuals. 


6. Interactions between neighbors and between non-neighbors. By 


the end of interval I, it appeared that there was a difference in the 
agonistic reaction of a resident to the trespassing of a neighbor as 
opposed to trespassing by more distant animals. "Neighbors" for the pur- 
pose of this analysis refers to the animals maintaining burrow systems 
immediately surrounding a resident animal. '"Non-neighbors" refers to 


animals at least one more burrow system distant from a resident. 


To test the possibility of a differential response to the trespassing 


of neighbors and non-neighbors, the distances for all chases were meas- 
ured and grouped according to whether the animals involved were neighbors 
or not. The male was considered in a class by himself, although given 
his position on the periphery he was by definition a neighbor to at least 
two other females. Chases between the male and the females adjacent to 
his main burrow system were discounted in this test. A Mann-Whitney U 
test applied to the lengths of chases gave significant results in two ia} 
stances. The male was chased over longer distances than were neighbors 
of any given female (T=2.49, p<.02).and non-neighbors were chased for 
greater distances than neighboring animals (T=4.38, p< .001). 4 the, latter 
difference cannot be attributed solely to the greater distances between 
the burrows of neighbors and non-neighbors since it has been mentioned 


that a sizeable percentage of interactions were initiated by an animal 
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while in a neighbor's territory against a third animal trespassing. 
Though the interactions in this case were not all chases, they were most 
frequently directed against the male (p<.001). Residents from a neigh- 
boring area chased non-neighbors only slightly more than other neighbors 
(p<.10). 

Overall, there were more interactions between neighbors than non- 
neighbors (p<.001) and interactions with the male were more frequent than 
with female non-neighbors (p<.001). In the field it appeared that in- 
teractions between non-neighbors were more severe, involving more attack- 
ing and fighting with greater risk of injury. However, chasing comprised 
a larger proportion of interactions between non-neighbors than among 
neighbors (p<.001) and there was no difference in the proportion of 
fighting within the two groups (Table 6). Attacking was more common among 
neighbors than non-neighbors (p<.05), but more interactions involving 
only threatening or challenging occurred between neighbors than between 
non-neighbors (p<.0l). There was no difference in the proportion of 


avoidance between the two groups. 
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Table 6: Components of interactions between neighboring female ground 
squirrels compared to components of interactions between 
non-neighboring females during interval I, April 17 to May 7. 


Interactions involving the male were omitted from the analysis. 
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interval:.LL:. .May.8 to May 30 


1. Interaction rate. The frequency of interactions was low during 
the first week of interval II compared to the rest of the interval (Fig- 
ure 4, pg. 22). Judging from external appearances of the animals and 
estimating backward from the date of the juveniles’ emergence, it was 
during this week that most of the young were born. For a few days fol- 
lowing parturition, the females spent most of their time underground, 
emerging only occasionally to feed. By this time all the animals had es- 
tablished territories somewhere on the area in that they consistently ex- 
cluded all other ground squirrels from an area around a burrow system or 
systems. No burrow systems were abandoned by a resident and no major 


shifts in occupied areas occurred again until the last week in June. 


2. Colonial organization: the ring structure. The areas occupied 


by animals centrally located in the study area were smaller than those of 
peripherai animals (t=2.43, eyaee5) and certain portions around the per- 
iphery were never consistently occupied by any one animal. These were 
not "neutral" areas since the presence of more than one animal in these 
areas usually resulted in an interaction, but the areas were never con- 
sistently defended by any individual. There were none of these inconsis- 
tently defended areas in the central portion of the study area. The num- 
ber of animals in the central and peripheral areas was tested against an 
average number per unit area which would exist if the population were 
evenly distributed over the study area. A G-test on the spatial dis- 
tribution of the animals was highly significant (G=9.98, p<.01) confir- 
ming that the animals were not distributed evenly over the entire open 


area; there were significantly more animals than expected in the central 
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area and fewer around the periphery. 

The distribution of the defended areas resembled a series of con- 
centric rings. The rings were slightly irregular in shape due to inter- 
ruption of the open area by patches of thistles and the woodlot. One 
adult female occupied the most central location, and the area from which 
she excluded conspecifics was designated ring 1. The territories of two 
adult females and five yearling females immediately adjacent to this area 
were designated ring 2. The remaining peripheral areas at least one 
territory removed from center were designated ring 3. This last ring 
contained four adult females, two yearling females, two females of un- 
known age class, and the one male. 

An adjacent animal in a more central position is hereafter referred 
to as a neighbor "ahead", an adjacent animal in a more peripheral position 
the neighbor "behind" and adjacent animals in the same ring become neigh- 
bors to the side. In ring 2, the general pattern of surrounding areas 
was one animal ahead, one neighbor to either side and usually two animals 
behind. The ring 3 animals usually had one neighbor on either side but 
defended areas such that the more central boundary of the area was estab- 


lished with two ring 2 animals. 


3. Influence of spatial location on the outcome of agonistic in- 


teractions. The spatial location of an interaction had a major influence 
on the outcome of an interaction between neighbors. It was evident that 
more area than the immediate burrow entrance was being defended and con- 
sistent boundaries were apparent between neighboring areas. These were 
established by both animals involved but were not inviolate. One animal 


approaching the imaginary line might be met by the threatening or 
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challenging posture of her neighbor. Crossing the "line" usually resulted 
in more severe agonistic behavior on the part of the resident and an 
attack or chase (or both) usually ensued. Repeated chases towards and 
away from an animal's burrow system were frequent and the role of chaser 
or chasee oscillated with the direction of the chase, with the animal 
closest to her own burrow system most often the chaser and the trespasser 
the chasee. The boundaries were not observed to be actively marked by 
the animals as has been described for some lagomorphs (Mykytowycz, 1962). 
A few of the boundaries were very consistent in time and space, but the 
majority shifted a few feet throughout the interval. The best estimate 
of territories for each animal is illustrated in Figure 7. 

Spatial location appears to have a major effect on social inter- 
actions but a cause and effect relationship is not implied. Seventy-five 
percent of all interactions in this interval were initiated by the res- 
ident animal and only 9.55 percent by the trespasser (fable Sei paas3) < 
The remaining interactions (15.10 percent) were initiated against an an- 
imal trespassing in a neighboring area, i.e. a resident animal would move 
into a neighbor's area to exclude a trespassing animal. This type of 
defense was used more often against other neighbors than non-neighbors 
(p<.001), and occurred slightly more often against the male than against 
non-neighbors (p<.10). The initiator of an interaction was usually, but 


not always successful in displacing the other animal. 


4. Components of interactions. Chasing was the most frequent type 


of interaction among all animals comprising half the total number of in- 


teractions (Table 3, pg. 31). In an additional 7.70 percent a chase was 


preceded by an attack and in another 10.48 percent chases were followed 
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Figure 7: 


Territorial boundaries of Richardson's ground squirrels 
as determined by interactions between neighboring animals. 


Letters indicate the resident animals. 


Boundary lines 


(solid line): boundary determined by interactions 
between neighboring animals. A line running 

through a burrow entrance indicates that that burrow 
system was defended alternately by both animals 
during the season. 


~--— (dashed line): best estimate of boundaries based 
on low number of interactions between neighbors. 
For outermost peripheral boundaries, estimate is 
based on interactions between non-neighbors as well 
as neighbors. 


Thickness of boundary lines indicates the number of inter- 


actions between neighbors used to determine the boundary. 
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by fights. Attacks were the second most frequent type of interaction, 
followed by interactions involving only threatening or challenging. Fight- 
ing comprised slightly more than one-tenth of all interactions. The 
occurrence of active avoidance was least frequent, and in all cases it 

was the trespasser who left at the approach of the resident. This type 

of interaction usually involved a more peripheral animal trespassing in 


a more central area and leaving at the approach of the resident. 


5. Interactions between age classes. There were no significant 


differences in the number of interactions between age classes but there 
were some differences in the components of the interactions between and 
within different age classes (Table 7). There were slightly more chases 
between animals of the same age class (adult-adult or yearling-yearling) 
than between age classes (p<.10). Between age classes, yearlings 
initiated more chases with adults than adults against yearlings (p< .001). 
Attacks were more frequent between adults and yearlings and among year- 
lings, and were infrequent between adults (p<.001). Again, yearlings 
more often initiated attacks against adults than vice versa (<405): 
Threatening and challenging was also slightly more frequent between age 


classes (adult-yearling) than within either age class (p<.10). 


6. Interactions between neighbors and between non-neighbors. There 


were significantly more interactions between neighbors than between non- 
neighbors (p<.001). Chasing was more frequent between non-neighbors 
than among neighbors (p<.001) and the length of chases between non- 
neighbors was longer (T=8.85, Sz 0De This cannot be explained on the 
basis of closer proximity of neighbors over non-neighbors since chases 


between neighbors and between non-neighbors often covered areas not 
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Table 7: Components of interactions between female ground squirrels 
within and between age classes. 
were excluded from the calculations. 
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defended by either animal. Also, a sizable portion of interactions between 
non-neighbors were initiated by an animal from within a neighbor's terri- 
tory against a trespassing third animal. Chases involving the male were 
also longer than those among neighbors (T=3.99, p<.001). Attacking occur- 
red more often between neighbors than between non-neighbors (p= 2001), 
while the amount of fighting was nearly equal (Table 8). Very few inter- 
actions between non-neighbors were settled by threatening or challenging 
alone (6.5 percent) while these components alone comprised 19.6 percent 

of all interactions between neighbors (p<.01). There was no difference 


in avoidance between the two groups. 


7. Nest sites. Transportation of live young to another nest site 
was observed for six of the 11 females that raised litters that appeared 
above ground (Figure 8). In one instance the entire litter was moved 
three times, although the number of young moved decreased with each shift 
in nest site. In two cases, the number of young moved corresponded to 
ae total trapped at that site when the young emerged on their own. In 
three cases, only part of the litter was moved to a different nest site; 
two nests were frequented regularly by the female and young were trapped 
at both nest sites when they emerged. There was no noticeable tendency 
for nests to be located centrally or peripherally within a defended area 
and litter transport showed no consistent peripheral or central tendencies 
relative to the entire study area. Three litters were moved in a peri- 
pheral direction and three litters were moved to a more central position. 
The only consistent aspect of litter location was that nests appeared 
closer to minor burrow entrances than any other type. Bedding material 


was taken down a specific minor burrow entrance where young later emerged. 


Litters relocated were taken from one minor burrow entrance to another. 
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Table 8: Components of interactions between neighboring female ground 
squirrels compared to components of interactions between 
non-neighboring females during interval II, May 8 to May 30. 
Interactions involving the male were omitted from the analysis. 
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Figure 8: Litter transfer and location of ground squirrel nests during 
interval II, May 8 to May 30. 


N = closest entrance to nest 
———=> indicates entire litter moved by female 
---- ) indicates part of litter moved and two nests maintained; live young 
trapped at both sites 
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Only after young animals had been above ground a few days did they appear 


at major burrow entrances. 


8. Dominance index. Occasionally a resident was unsuccessful at 
excluding a trespasser and some individuals seemed to consistently initiate 
agonistic encounters outside their territory and elicited submissive pos- 
tures from other residents. This appeared to be irrespective of differ- 
ences between neighbors and non-neighbors and differences between age 
classes. 

The classical concept of dominance implies the physical superior- 
ity of one animal over another and the possession of a territory is con- 
sidered to enhance the dominance of a resident in encounters with a tres- 
passer and influence the outcome of an interaction in favor of the res- 
ident. In instances where a resident shows deference towards a particular 
trespasser or is defeated in an encounter but not displaced from the 
territory, it may be that there is an additional aspect to the social 
organization of the population besides territoriality. 

The possible existence of a hierarchy superimposed on a territorial 
colonial aggregation (called "territorial rank" by Davis, 1959) was in- 
vestigated in the following ways. All decisive encounters in which a 
resident in close proximity to one of her major burrow systems was de- 
feated by a trespasser were tabulated. The majority of these decisive 
interactions occurred in interval II and all the rest but three during 
the month of June (intervals III and IV). The results of these inter- 
actions are shown in Table 9. 

All of these decisive interactions involved either chases or 


attacks and the resident either responded with a flattened submissive 
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Table 9: Decisive interactions between female ground squirrels. 
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*Except for this instance and the five recorded in the center column, 
all other decisive interactions occurred between females and their 


neighbors directly peripheral to or behind them. 
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posture Or was chased from her own area. Relative to the total number of 
interactions, the percentage of decisive interactions was small (4.01 per- 
cent), but they comprised 10.07 percent of all attacks and 14.50 percent 
of all fights. In all cases listed, the "winner" was an animal from a 
more central ring, and the defeated resident an animal in a more peri- 
pheral ring. The most central female (A) defeated animals in rings two 
and three, and ring 2 females defeated animals in ring 3. There were 
only three exceptions to this pattern. Female B was defeated twice by 
female I at burrow #6, an active burrow in 1971 but not re-excavated in 
1972. As a result of these two encounters, female B no longer approached 
animals that trespassed in the vicinity of #6 and trespassers were in- 
stead approached by female I. In the last case, female P was attacked 

by female O approximately six feet south of burrow #9 and flattened sub- 
missively after a fight. This interaction did not result in any notice- 


able shift in the areas defended by either animal. 


9. Trespassing tolerance index. The second method used to deter- 
mine the possible presence of a hierarchy was to consider instances in 
which a resident animal showed little or no hostile reaction towards a 
trespasser. In almost all cases, interactions occurred when one animal 
trespassed on the territory of another and usually resulted in 
the forced departure of the trespassing animal or defeat of the resident. 
However, there were 79 instances where neither of these results occurred 
and the trespasser was approached and occasionally threatened but no 
further interacting occurred. Occasionally the resident was threatened 
by the trespasser and would remain or move elsewhere within her territory. 


In none of these interactions did the trespasser retreat at the approach 
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of the resident and the animal would remain in the area without further 
conflict. None of these interactions seemed to effect a change in size 
of territory. The lack of hostile reaction shown by various animals re- 
sembles the inverse of that illustrated by decisive interactions. The 
most central female (A) remained without conflict with the resident in 
various areas in ring two 22 times and in ring 3, three times. In 29 
instances, ring 3 animals did not dispute the trespassing of the neigh- 
bors ahead of them. Except for the lack of hostile behavior of ring 3 
animals towards the most central female, agonistic behavior always occur- 
red when the trespassing animal was a non-neighbor. In addition, ring 2 
animals showed no hostile behavior toward the trespassing of neighbors to 
the side of them 13 times and ring 3 animals did not dispute the tres- 
passing of neighbors at the side seven times. The only animal permitted 
to trespass without conflict in ring 1 was the yearling female C from 
ring 2. Tolerance by the central female for this particular yearling 
was recorded five times and in all five instances the yearling female 
flattened submissively at the approach of the central female. The two 
animals were not related and this type of relationship was not observed 


between any other animals on the study area. 


10. Mobility index. The locations of nine of the 16 females were 
tabulated every ten minutes for the entire interval and the frequency of 
each animal in each of the three rings and within its own territory was 
calculated (Table 10). Frequency is expressed as a percentage represen-— 
ting the time (in minutes) in each location divided by the total amount 
of time each animal was present above ground during the hours of obser- 


vation. The central animal spent the least time within her own defended 
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Table 10: Mobility index for nine female ground squirrels during 
interval II, May 8 to May 30. To meet the assumptions of 
analysis of variance, all figures were converted to arcsine 
of the percent for statistical t-tests. 
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area. The amount of time spent within territories was higher for ring 2 
animals and highest for animals in ring 3 (t=3.60, p<.05). This differ- 
ence cannot be explained solely as site attachment due to the presence 

of young underground since non-lactating females in either ring spent 
proportionally more time in their own areas than lactating females in 

the same ring. There is also no significant correlation between the size 
of an animal's territory and the percent of time spent within or outside 
the territory. Ring 1 and 2 females spent more time in neighboring areas 
than ring 3 females, and the central female (A) spent the most time of 
any animal in areas occupied by non-neighbors. Ring 2 animals spent more 
time in neighboring areas than ring 3 females (€=5.56;. 0 < .05) and in 
both rings, the animals spent less time in non-neighboring than in neigh- 
boring areas. Ring 2 females were involved in a higher number of inter- 
actions than females in ring 3 (U=59, p<.01) and the central female had 
an interaction rate 1.5 times that of the next highest female. This is 
to be expected, since as soon as an animal leaves its own territory, it 
is a trespasser on some other animal's, and the more time an animal 
spends outside its defended area, the greater the probability of involve- 


ment in an interaction. 
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Interval III, June 1 to June 14 
Young ground squirrels were first observed above ground on May 26, 
and the last few days in May were occupied in trapping and marking juveniles. 
Throughout this interval, the juveniles wandered progressively further 
from their natal burrows during the day but returned to the nest site 
each afternoon and there was little decrease in their numbers during this 


interval. 


1. Mobility index. During this interval, females showed an increase 
in time spent outside their defended areas, irrespective of ring position 
(Table 11). Of the females tested, all showed a decrease in the amount 
of time spent within their own territories relative to the previous on 
terval (t=3.03, p<.05), but ring 3 females still spent slightly more 
time within their territories than did females in rings 1 and 2. From 
interval II to III, time spent in neighboring areas increased for three 
of four ring 2 females, but for only two of four ring 3 females. There 
was no significant difference in time spent in neighboring territories by 
ring 2 compared to ring 3 females for interval III. During interval III, 
five of the nine animals spent more time in non-neighboring than in 
neighboring territories. Compared to the previous interval, some of the 
animals were spending an increased percentage of time further from their 
own territories, since eight of the nine animals increased the amount of 
time spent in non-neighboring territories. All animals in rings 1 and 2 
increased the amount of time spent in non-neighboring areas as did most 


(3/4) of the animals in ring 3 (t=4.47, p< .0L). 
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Table 11: Mobility index for nine female ground squirrels: intervals 
II and III compared. To meet the assumptions of analysis of 


variance, all figures were converted to arcsine of the percent 


for statistical t-tests. 
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2. Components of interactions. Residents still initiated the 
greatest proportion of interactions (78.45 percent) but the percentage 
of interactions initiated against trespassers from a third neighbor's 
area decreased to 8.83 percent (Table 4, pg. 33). The number of inter- 
actions initiated by trespassers increased from 9.55 percent in interval 
II to 12.72 percent in interval III (Table 3, pg. 31). Im addition, 
there was a slight increase in the severity of interactions. Attacking 
was more frequent in this interval than in the previous one (p< .01) 
while the relative frequency of interactions involving only threatening 
or chasing declined (p<.02). 

The length of chases between non-neighbors was still significantly 
longer than those between neighbors (T=4.45, p<.001). There were no 
differences in interaction components or frequency between or within age 
classes. 

In 13 instances out of a total of 249 interactions, an interaction 
between adults occurred when a trespasser first attacked a juvenile within 
another animal's territory. A second female, usually the resident, be- 
came alert on hearing the cries of the juvenile and approached the first 
adult and attacked her or chased her out of the area. Cohesive nose-to- 
nose behavior followed between the resident female and her offspring. 

In two of the 13 cases, a female responded to the cries of a juvenile 
that wasn't hers; the adult female chased the trespasser, returned, and 
after a brief nose-to-nose encounter with the juvenile, chased it away 
also. In another two of the 13 cases, a juvenile strayed outside its 
mother's area and was attacked by the resident female. The mother of 
the juvenile in both cases trespassed and attacked the resident adult. 


No injuries to juveniles as a result of interactions with adults were 
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recorded. 


3. Attempted resettlement. There are a number of factors involved 
in both the increase in mobility of the animals and the increase in the 
number of interactions initiated by trespassers. Once the young animals 
emerge above ground, they begin foraging for themselves and their nutrit- 
ional demands on their mothers decrease gradually until they are complete- 
ly weaned. Lactation places severe energy requirements on adult females 
and none gained weight from the time of parturition until the end of June. 
Lactating females spent a large portion of their time feeding and did 
not always forage within their own terTitories. 

In addition, those females with only a few young surviving to 
emergence [F(AL2) and L(AL3) ] and some of those which were never recorded 
as lactating [P(UX3), K(AX3), and J(YX3)] attempted to relocate elsewhere 
on the study area, and most of these new locations were more central than 
those which the animal previously occupied. Female J made frequent 
visits to burrow #26 but was constantly chased away. Female L spent 
a lot of time at #28 and P tried to remain at #29. Both animals retreated 
underground at the aforementioned burrows when attacked by the resident 
animals, and after a few days left the new sites at the approach of other 
animals. Female K moved to #32 and F moved to ten feet north of #27 and 
both remained in these new areas for over a week. They retreated under- 
ground at attacks from other animals and eventually successfully defended 
the new sites from trespassers. They were not successful, however, in 
defeating the residents that normally defended these burrow systems 
[I(AL3) and H(AL2) respectively] and were eventually chased out of these 


areas and returned to their previous burrow systems. The major burrow 
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system at #27 and was dug by female F in 1971, but at the end of the 
season she moved to the western edge of the study area and overwintered 


there; she made no attempt to re-settle at #27 until this interval. 


4. Location of interactions. Both the increased mobility of the 
animals and the attempts of some females to resettle elsewhere resulted 
in a scattered distribution of interactions (Figure 9). Ring 2 females 
trespassing in ring 3, and ring 3 females trespassing in ring 2 resulted 
in the majority of interactions occurring in these areas, in contrast to 
the tight central distribution of interactions that occurred in interval 
I. The concentration of interactions around specific burrow entrances 
(#26, 27, 28, 29, and 32) reflected the conflict resulting when five of 
the adult females attempted to resettle at these sites. 

The adult male disappeared from the population during this interval 
and was not recorded after June 5. This was earlier than expected since 


the few males present in 1971 were present until the last week in June. 
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Figure 9: Location of interactions during interval III, June 1 to June 14. 
Each solid dot represents one interaction between two ground 


squirrels. 
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Interval IV, June 15 to June 30 

On the afternoon of June 14, a weasel invaded the eastern end 
of the study area and killed two adult ground squirrels [I(AL3) and B(YL2)]. 
This left two adjacent areas without residents and the responses of the 
remaining ground squirrels to the newly vacant areas altered the previous 
social situation. The interval divisions were based on major changes in 
the seasonal biology of the ground squirrels so this latter interval 
designation is, in a sense, arbitrary. Had predation not occurred, the 
social organization in this interval would have been included in interval 


1 


1. Interactions between non-neighbors. Compared to interval III, 


there was a decrease in the relative number of interactions between neigh- 
bors and an increase in the relative number of interactions between non- 
neighbors (p<.001). The increase in the relative number of interactions 
between non-neighbors was probably due to two main factors. The animals 
appeared to spend even more time outside and further from their territories, 
and animals from all over the study area were observed in the areas left 
vacant by the loss of the two females. Since most of the animals had to 
move through the territories of non-neighbors to reach the vacant areas 
the probability of interactions with non-neighbors along the way was in- 
creased. The weasel paid frequent visits to the study area following 

the successful capture of the two females, and on June 19 moved three 
kits to burrow #24 and lived on the area until June 28. After June 28, 
the weasel moved her kits elsewhere but continued to visit the study area 
at weekly intervals. The ground squirrels continued to chase non-neigh- 


bors over longer distances than neighbors (T=3.38, p<.001) but would 


yey a et ae 
A 


bre nrotade 42 bebnynt Leaese s ‘of pean nootresie od 
-L(SIY)a bas (€0A)T] elerxinpe Savory otra ows eLEAd bes aoe wwe 
oft Io agenogesx siz bas ajriebrees valerie) asqre onaonthe: wat 3 
avolvetq adi bexstis ecors eeaeey yiwert sd2° oF etsctiupe Siler ce 
ni ssgoeda totam ne bsead Sisw anoreiwid Tena oat otha 
fevieint teI3sl ektdt o@ haf 0 iresg ons Ey ugetokd f 


sous .be1maso Jon sotssbaxq bel -Ytersidys <2ense is ait .ek 


[svissai at babuloai nosd svat bivow Ievasank JH. nt ootgesiasgro Ig 


elit fsvisijat o3 bereqmed .eroda: Lew HOIWISS 2pokt9 Brest 


“—finitsa asswisd anoijosyeynt 2%o rodent aibeands os Be Seaenoeb Ba 
“nom nsawied anoltosisijat to zsdait avitelex Sit) ee nniiibied 
snoidostojal to asdimn aviselon od3 nk senordal je (200. — 
élemins sil  .eyosost nism dwe.03 sub as ia aa evoddg ion 
,estiotiv1es xtedt mor? voila? bos sbiteiuo amt? stom * lia hosige ob 


ae 


jtel esetc of3 nt bsyteedo stew sors ybuse sft tovo Ela wand’ 
“NS 
o? bed elsmins odd Ao 180m sock2 Poiana ‘ows ‘ss ie ‘esol, we 


‘galwollot sets cose sda ettely dioupaxt bisq Leaxew oat 
‘serdd bevom ef. stat no brs eatemat aus sil to Stutigks iinwcoonigallsy 
es sant: xotth WBS shut! Tei apee ry he Goat bas AS%. wound 03 
one oda Saas ial 6d beuriznos ai eishwaal shea ved boven ae 


ml Me hx 


62 


chase the weasel over even greater distances, sometimes traversing the 
entire study area. To evade harassment by adult ground squirrels, the 
weasel would frequently dive down a ground squirrel burrow, reappear at 
another entrance and move off without inciting pursuit. Chases with the 
Wenge! were accompanied by the alarm calls of most nearby squirrels. The 
alarm calls served to alert the resident of an area who usually arrived 
at the conclusion of a chase after the weasel had gone underground and 
when only the squirrel that had chased the weasel was present. Since the 
chases with the weasel covered longer distances than chases among squirrels, 
the trespassing squirrel was usually not a neighbor of the resident and 
an interaction between non-neighbors frequently followed a chase with the 
weasel. It is interesting to note that although the weasel was almost 
always chased when she appeared above ground, no adult ground squirrel 
would continue the chase underground, even if the chase concluded at a 
burrow system she usually defended. Considering their relative lengths 
and weights, the weasel may have an advantage of greater maneuverability 
underground. In August, 1971, a juvenile male pursued a weasel under- 


ground and was never seen again. 


2. Resettlement. More interactions were initiated by an animal while 
in a neighboring area during this interval than during interval IIl 
(p< .001) and these interactions were initiated primarily against tres~ 
passing non-neighbors rather than against other neighbors (p<.01) (Table 
4, pg. 33). This was in part due to the increased mobility of all the 
animals and to the influence of the weasel on distance of chases. An 
important additional influence was the attempts of two animals to resettle 


in the area left vacant by females I and B. Female K(AX3) who had 
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previously attempted to move to #32 continued to visit that portion of 

the study area and after the deaths of the two females moved to a minor 
burrow entrance between #29 and #53. She did not remain there more than 

a few days and eventually returned to her previous site. Female Q(UL3), 
who had previously never been observed closer to the center than burrow 
#7, moved from her previous position near burrow #1 to occupy and success- 
fully defend burrow #29. Although female C(YX2) expanded her territory 

to include burrow #54, no squirrels moved outward to occupy the rest of 
the space left vacant by female I. The only animal to markedly change 
her location was female Q who moved from a peripheral to a more central. 
position in spite of the fact that her litter remained near burrow #1. 
This centripetal movement after the removal of a resident further supports 
the observed tendency of S. rtchardsonit to congregate in a central lo- 
cation, and implies, perhaps, a preference for central over more peripher- 


al positions. 


3. Components of interactions. There was no difference in the 
severity of interactions between neighbors and non-neighbors, but the 
severity of interactions diminished between interval III and IV (Table 3, 
pg. 31). In interval IV, fewer interactions involved fighting (p< .001) 
and significantly more interactions involved only threatening or challenging 
(p< .001) than previously. Proportionally more interactions were char- 
acterized by avoidance (p<.01) where a trespasser left an area at the 


approach of a resident and no pursuit ensued. 
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Interval V, July 1 to July 30 


1. Torpidity. During interval V, the number of animals active above 
ground declined steadily as the remaining adult and yearling females dis- 
appeared for their annual episodes of torpidity. All females which did 
not raise a litter disappeared earlier than females that raised litters 
and there was no overlap between the two groups. There was a high degree 
of correlation (r=-.89, p<.001) between the relative weights of the ani- 
mals as early as June 21 and the order in which animals disappeared for 
torpidity (Table 12). 

The overwinter location of most females was somewhere within their 
own territories and in some cases the precise location was noted as a re- 
sult of the sequence of events preceding the onset of torpidity. Individ- 
uals were observed carrying bedding material to specific locations; in all 
cases the entrance used for access to the presumed chamber was a minor bur- 
row entrance. Within a week of final disappearance, the individual ani- 
mals emerged later in the morning than others and retired earlier, always 
emerging from and retiring down the same minor burrow entrance. After the 
final appearance above ground, the burrow entrance was plugged with ral iy ee 
However, this last step was not irreversible. Two animals, females K and 
H both dug through the dirt plugs at their respective burrow entrances and 
spent an additional morning feeding. Upon retiring, the dirt plugs were 
replaced and the animals were not seen again for the rest of the season. 
Female K was an exception to the general tendency of individuals to over- 
winter within their own territories. She had attempted unsuccessfully to 
resettle between burrows #29 and #53 during interval IV and returned to 


this area during her last week above ground. Despite antagonistic 
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Table 12: Relationship between weight, reproductive condition, and 
order of entrance into torpor (r= .95 ). Data were 
incomplete for females D and Q. 


Weight on Last seen above Reproductive 


Female June 21 ground on condition 


non-lactating (i.e. did not raise a litter) 


lactating 
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encounters with female Q, K remained in the area and overwintered there. 


2. Components of interactions. There was a significant decrease 


in the frequency of interactions in this interval compared to the previous 
one (p<.001). The decrease in the number of interactions is directly 
related to the decline in the number of animals still above ground (r=.80, 
p<.0l). There were no interactions after July 17 although five animals 
were still present. There was no difference in the severity of the inter- 
actions compared to those of the previous interval. Interactions char- 
acterized by threatening or chasing occurred more often than those invol- 


ving attacking and fighting. 


3. Greeting and allo-grooming. A number of instances of greeting 


and allo-grooming were observed between pairs of adults and yearlings. 
This type of interaction is common between adult females and their young 
of a given year (Steiner, 1973; Sheppard and Yoshida, 1971) and there is 
some evidence for recognition following hibernation between a female and 
her young of the previous year (G. Michener, 1972). During this interval, 
two greeting sequences involved two different pairs of adult females 

(L and A; L and H), three sequences involved an adult female (L) and an 
unrelated female yearling (G), and two greeting sequences involved an 
adult female (H) and her yearling daughter (0). On two occasions greeting 
was observed between two non-related yearling neighbors (E and J). 
Greeting was accomplished by mouth to mouth contact and one or both animals 
usually held the mouth slightly open. It appeared investigatory in 
nature, but not as prolonged or extensive as that described for Cynomys 
Ludovicianus (King, 1955) or for adult and young S. richardsonit (CG. 


Michener, 1972). Each pair for which this behavior occurred involved a 
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central animal (from ring 1 or 2) and a more peripheral animal, and in 
every case the interaction was initiated by the peripheral animal against 
a trespassing central animal. In three instances, greeting was followed 
by allo-grooming. Female O greeted her mother trespassing at #14 and 
groomed the region near her head and neck for nearly five minutes. On 
two different occasions, female L groomed the more centrally located 
yearling G near #18. These grooming bouts lasted longer than five min- 
utes and L appeared to groom the head region, neck and back of G with 
her teeth. Since greeting and grooming have been observed between both 
related and non-related individuals it seems to represent a behavior not 
Gree ionine purely in sibling or mother-young recognition. A broader 
interpretation, an implication of dominance relationships or friendly 
behavior is consistent with the trespassing tolerance index mentioned in 
interval II, where peripheral animals tolerated trespassing by more cen- 
trally located individuals. In the interactions involving greeting and 
grooming, it was the resident peripheral animal in all cases which 


initiated the grooming against a trespassing, more centrally located fe- 
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male. There were no differences related to the age classes of the animals 


involved, nor was this type of interaction limited only to related indi- 


viduals. 
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SUMMARY OF SOCIAL ORGANIZATION 


1. Female Richardson's ground squirrels occupy nearly exclusive 
spatial territories within a colony although trespassing by individuals 
occurs. Although the male ranged over the whole study area, he only de- 
fended a small area on the periphery. Territorial boundaries were most 
distinct during interval II when young animals were born and living under- 
ground. Female territories are more than just nidic territories since 
they include a number of major burrow systems and encompass an area greater 


than a specific nest site; they are however, "burrow-centered". 


2. The territories in this colony were arranged spatially in a 
series of concentric rings with the territory of a single female in the 
center, the territories of seven females comprising the next ring,. and 
those of eight females and the one male comprising the most peripheral 


ring. 


3. The tendency of female ground squirrels to seek a central po- 
sition in the colony was supported by the following: 

A. The majority of interactions during the period of settling in 

were concentrated towards the center of the study area. 

B. Two animals which hibernated on the periphery successfully 

settled in ring 2. No animals moved from a more central to a 

more peripheral area. 

C. During interval III, five females attempted to resettle ina 

more central location (but were unsuccessful). 

D. Following the deaths of two females in mid-June, one area left 


vacant was occupied by a more peripheral female. No central 
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animals moved outward to occupy the remaining vacant area. 
E. There was a significantly higher density of animals centrally 


than peripherally. 


4. During interval I, there were significantly more interactions 
between yearlings than between adults and yearlings or among adults. For 
the rest of the season, there was no difference in the frequency of in- 
teractions within or between any age class. During interval II, there 
were more chases between animals of the same age class (A-A or Y-Y) than 
between age classes. Attacks were more frequent between adults and year- 
lings and among yearlings than among adults. During interval I, there 
were more interactions between the male and females of both age classes 


than expected by chance. 


5. There were more interactions between neighbors than between 
non-neighbors. While the male was present, there were more interactions 
with the male than with non-neighbors. Non-neighbors and the male were 
chased over longer distances than neighbors. Chasing was the most fre- 
quent type of interaction between non-neighbors but both attacking and 
interactions settled by threatening only were more frequent between 


neighbors. 


6. Residents initiated the greatest percentage of interactions 
during all intervals. Percentage of interactions initiated by tres- 
passers was highest during the period of settling in (interval I) and 
during the periods of attempted resettlement (intervals III and IV). The 
percentage of interactions initiated by a resident while within a neigh- 


bor's territory was highest during interval IV, the period of attempted 
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and successful resettlement. 


7. Chasing was the most frequent component of all interactions 
until interval V, when interactions involving only threatening or chal- 
lenging were most frequent. Attacking and fighting occurred most fre- 
quently during the period of attempted resettlement (interval III) and 
then declined for the remainder of the season. As the frequency of 
attacking and fighting declined, the percentage of interactions char- 
acterized by avoidance or by threatening or challenging rose correspon- 


dingly. 


8. Evidence for the presence of a hierarchy superimposed on a 
territorial colonial system is provided by results of the dominance index 
and the trespassing tolerance index. The most central female defeated 
resident animals in rings 2 and 3, while females in ring 2 were able to 
defeat more peripheral resident neighbors. Trespassing by the central- 
most female occurred without hostile reaction from resident animals in 
rings 2 and 3, while ring 2 animals trespassed without conflict only in 
some adjacent areas in ring 2 and, to a greater extent, in territories of 


peripheral neighbors in ring 3. 


9. All females spent the greatest percentage of time within their 
own territories during interval II. Thereafter, all animals spent pro- 
gressively more time outside their own territories. Central females 
spent more time outside their own territories than peripheral females. 


There is some indication that animals spend more time further from their 


territories after interval II. 
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RESULTS 
PART II: ACTIVITY 


Introduction 

Eleven different types of activity were tabulated and compared for 
central and peripheral animals. The number of subdivisions of activity 
were limited to those gross activities observable in a field situation 
with the aid of binoculars. Since it was imperative to record the be- 
havior of all the animals on the area simultaneously, detailed components 
of each activity were not included (with the exception of the components 
of social interactions). Seasonal variation was tabulated by intervals, 
since it was expected that changes in the biological condition of the 
animals would be reflected in changes in various types of activity. Al- 
though the observation times were constant for each day, not all the an- 
imals were visible all the time. For purposes of comparison, all absolute 
durations of activity (in minutes) were converted to percent of total time 
above ground for each animal for each interval. Actual time spent above 
ground and percentages of this time devoted to each activity are given 
for each animal in appendix II. In statistical analyses, data for the 
central female in ring 1 were combined with those for females in ring 2, 
and these totals were compared to data for ring 3 females.* The Mann- 
Whitney U-test was used throughout this section (unless otherwise indi- 
cated) to compare aspects of activity between the two groups. Additional 
activity comparisons were made between yearling and adult females, irres- 
pective of ring position. Data on ene single male ground squirrel were 
omitted from the statistical analysis of activity. 


* see remark page 121 
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The types of activities tabulated for comparison may be grossly 
subdivided into two categories: non-social activity, such as feeding and 
self-grooming which are necessary for the preservation of the animal as an 
individual, and social activity such as marking and interacting which in- 
volve other members of the group to a greater or lesser degree. A brief 
description of each of the activities involved is followed by the statis- 
tical comparisons of these activities among different subgroups of the 


ground squirrel colony. 
Non-social Activities 


1. Feeding. Ground squirrels bit off and ingested short grasses 
and small leafy plants without using the forepaws. The animals were not 
Stationary during feeding but. moved short distances after every few mouth- 
fuls. Occasionally the forepaws would be used to bend down the head of 
a taller stalk of grass. In the two instances a ground squirrel was ob- 
served to capture and eat other animals, the forepaws were used to catch 
the animal (a butterfly) or pin it to the ground (very small frog). The 
duration of feeding activity recorded included ingestion as well as the 


limited amount of locomotion between mouthfuls. 


2. Food gathering. Infrequently an animal would bite off pieces 
of grass or small leafy plants and accummulate them in its mouth and 
cheeks without chewing or swallowing. When a sufficient amount was col- 
lected, the animal would go underground and not reappear for some time. 
This type of feeding occurred most frequently just prior to the cessation 
of above ground activity during the hottest part of the day or just before 


a heavy rainfall. Food gathering may follow a period of regular feeding 


94 


ox | Oh 


yleeorg od yem moektegmos x02 bevelodea sekanvion 1 sone 
| owt oat 


ne 28 Iseins oid to mokievrsesta od? zat vethiesoae a8 dokdw gt 


hes gabiosi es dove oemiwteds raise ome 


e 
“ai Hotdw antiosyosat bee gatdyved en dove yekvrsas: teteve bos © = —- 
bl. a 


teizd A ,99%g9b seseal xo to369%3 & of quozg its te : et 


-etsste ais yd bewelfct ak beviovek voldivigos ost to ono ton 


hee 
sit to aquoigdse sietshiLh ee satis ivivos seoti3 to Aaa | 


-qotos cer 


gottiy. PeIGH 26 


esa2612 trode haveogns bas tio sid piaiselii 3 bigoad soe 
jon stow elemkns sil. <aweasrot its adkex suongtw GATREY xteet@ 
“fituom wet yIsvs, 1s27e esonsdeth Jxode bsyosr sud aiizbsot pre 
to bss sit awob busd o3 bea sd bivow awagetot ag, vile ; 
-do eaw Lertiupe bavor s asonadenk ows oda at Leena 20 a 
do3s9 03 beenersw sweqorod add <alantas rodzo | : £5 baw suusq +i 
oH2 (sort Itsmde yrav) basorg sda od 3 akg: 49 comsend a as 
of3 es ifsw ep nckigggnat ibsbolont babrosen Vittos | 


or any other activity, or the animal may make a special trip above ground 
to gather food. Presumably the food is eaten while the animal is under- 


ground. 


3. Digging. Old burrows are widened and new burrows begun initially 
by pawing at the ground with the forefeet. By this action, most of the 
dirt is thrown beneath the body. After a small pile accummulates, the 
animal uses its hind feet to push the dirt further from the burrow entrance. 
After several hours of such activity, a mound of dirt up to two meters in 
diameter surrounds the entrance. If the mound is very steep, ground 
squirrels will move dirt away from the entrance by pushing with the fore- 
head and top of the skull which results in a leveling of the top o£ the 
mound. Digging movements were also used infrequently to obtain plant 
parts at ground level (or roots?) for food or for bedding material. 

Digging in this context was of extremely short duration (less than one 
minute) and was considered part of feeding or bedding material collecting 


rather than digging activity. 


4. Bedding material collection. Using the forepaws, an animal 
would dig briefly at the base of a clump of dry grass and remove pieces 
by tearing them off with the teeth in a rapid, jerky motion. The long 
pieces would be manipulated with the forepaws and packed sideways behind 
the incisors. After repeating this process two or three times, the ani- 
mal would deposit the material down a burrow and reappear almost immediate- 
ly for another trip. Both the time spent gathering the material and the 
traveling to and from the burrow to deposit the material were tabulated 
as bedding material collection. Although this activity superficially 


resembles food gathering, several unique aspects of bedding material 
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collection made it easy to distinguish the two activities in the field. 
Animals with bedding material frequently paused under the observation 
towers on their way to their burrows. From this close range, it was 
apparent that bedding material was always dry grass with only the occas- 
‘onal green blade in the bunch. A ground squirrel trapped while gathering 
food disgorged the contents of its cheek pouches and all the plant pieces 
were fresh and green, except for a few seeds. Bedding material was col- 
lected over a period of several trips while trips for food gathering sel- 
dom occurred more than once at any one time. Lastly, differentiation 

of the two types of activity was simplified since gathered food never pro- 
truded from the animal's mouth, whereas bedding material was always visible 
when it was being transported. These differences are in agreement with 


observations made by G. Michener in Saskatchewan (pers. comm. ). 


5. Grooming. Areas that could be reached with the mouth, in- 
cluding the limbs, belly, anal region and tail, were cleaned with. the 
tongue. Frequently the animal would use its teeth to nibble at a spot 
in its fur. Ground squirrels used their forepaws in a washing motion 
over their necks, heads, and ears, areas that could not be reached di- 
rectly with the tongue. Both fore and hind feet were used to scratch dor- 
sally, ventrally, and behind the ears. Although grooming is essentially 
a non-social activity, it occurred in several social contexts as well. 

A very brief bout of grooming frequently occurred following agonistic con- 
tact with another animal. Since the duration of activity in this con- 
text was at most a few seconds, it may be more appropriately considered 

a displacement activity. As such, it was not tabulated under grooming 


activity. Allo-grooming among adults and yearlings also occurred in the 
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interval prior to hibernation. Although allo-grooming may, in fact, have 
maintenance functions, the occurrence also had strong social implications. 
These infrequent periods of allo-grooming were excluded from the tabulation 


of grooming time. 


6. Sunning. On cool, sunny days or days following a rain, ground 
squirrels would sit or lie on the burrow mounds in one of two postures. 
If the ground was damp, the ground squirrel would sit hunched over with 
all four feet close together and with its back to the wind. If the air 
was cool but the mound was dry, the squirrel would lie with its belly 
against the substrate, its hind legs extended backwards, and ventral sur- 
faces of the feet facing upwards. The latter posture could facilitate 
warming the animal since the dark substrate would hold heat. The hunched 
posture may aid in conserving heat or present least contact with moist 
substrata. In both sunning postures the animals appear quite relaxed 


and frequently their eyes were partially or completely closed. 
Social Activities 


1. Alert behavior. A degree of watchfulness is common to all ground 
squirrel activities, but alert behavior is distinguished by tack, of lLoco= 
motion and a rigid body posture. There are a variety of alert postures 
including prone, upright crouched with the weight supported by the legs 
and posterior, and upright extended with the body weight supported by 
the hind legs alone. In all variations of alert posture the head is held 
higher than the rest of the body. These postures were used during alarm 


calls, at the approach of another ground squirrel, or at the approach of 


a potential predator. 
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2. Investigating. Ground squirrels displayed considerable interest 
in burrow entrances or other specific locations visited or marked by 
other individuals. Support for the association of investigating with 
the relatively recent presence of other ground squirrels is provided by 
the close temporal relationship between the activities of one ground 
squirrel followed by investigative behavior in the same area by a second 
ground squirrel. The information derived may be both olfactory, when in- 
vestigating follows marking by a first animal, and auditory, if the first 
animal is in a burrow but out of sight. Investigation of a novel object 
was not included in this category. Investigatory behavior was common 
both within and outside of an individual's own territory and may be 
broadly interpreted as the reception of information concerning the recent 


presence or absence of another animal at that location. 


3. Visiting burrows. An animal would disappear down a burrow en- 
trance and reappear at the same entrance within a few seconds. Investi- 
gatory behavior sometimes preceded visiting, but the two activities were 
not consistently sequential. Visiting occurred at burrow sites both 


within and outside an individual's territory. 


4. Marking. Marking is characterized by the deliberate wiping of 
the oral angle, the cheek region between the angle of the jaws and the 
base of the ear, and sometimes the lateral surface of the body on a pro- 
jecting portion of the substrate. Surfaces frequently marked included 
burrow hills and entrances, wooden stakes used to indicate burrow loca- 
tions and grid positions (for mapping of the area), and large rocks. 
Marking among S. vichardsontt appears very similar to that described by 


Steiner (1973) for S. colwnbtanus and S. undulatus. In 8S. rtchardsontt , 
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the angle of the mouth is known to contain secretory apocrine glands 
(Quay, 1965). The function of these glands is still under investigation, 
but it is thought that such scent marking functions in olfactory group 


and quite possibly individual, communication or recognition (Ralls, 1971). 


2. Interacting. When the behavior of one or more ground squirrels 
has a direct and immediate effect on the behavior of another animal, this 
constitutes an interaction. The components of an interaction range 
from avoidance to the most potentially injurious type of agonistic contact, 
fighting. These components were considered individually in determining 
the social organization within the colony. For purposes of quantitative 
comparison between animals of different social status, the percentage 


of total time spent in all types of interactions was combined for analysis. 
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Activity Results 


1. Feeding. The predominant activity of ground squirrels throughout 
the season was feeding. After prolonged periods of inactivity due to un- 
favorable weather, feeding was always the first activity of any duration 
to occur upon emergence. From field observations, it appeared to be the 
most consistent activity upon emergence in the morning, regardless of the 
season, and usually extensive feeding preceded retirement to burrows in 
the evening. There were no significant differences between central and 
peripheral females in the percentage of time spent feeding for any inter- 
val (Figure 10). 

The male increased the amount of time spent feeding during each 
of the intervals he was present in the colony. The total amount of time 
he spent feeding was lower than the averages for both groups of females 
in both intervals I and II, but was considerably higher than the percen- 
tages for both groups of females in interval III, when feeding by females 
comprised the lowest percentage of total activity of all intervals. Due 
to the small sample size of males (one), the results were not compared 
statistically, but the large quantitative difference is undoubtedly due 
to the difference in onset of torpor between adult males and females. 

The male disappeared after June 5, but females did not begin torpor uptae 
June 27. The percentage of time spent feeding follows a similar trend 
for both the male and females, except that the females have a longer 
season of above ground activity so increase in feeding prior to dis- 


appearance underground is delayed. 
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Figure 10: Feeding activity: Amount. of activity expressed as a per- 
centage of total time above ground for each animal for each 
interval. The range and average for both groups of females 
as well as the total for the male are illustrated for each 
interval. N indicates sample size for each group. 
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2. Food gathering. Food gathering usually occurred just prior to 
the hottest parts of the day. This activity presumably allowed the ani- 
mal to continue feeding while at the same time avoiding the danger of 
heat stress. Because of the association between high temperatures and 
food gathering activity, the complete lack of any such activity during 
interval I is understandable, since the maximum daily temperatures seldom 
reached 55°F. While ring 1 and 2 females had a greater occurrence of 
food gathering during intervals II, III, and V and ring 3 females had a 
higher percentage of food gathering in interval IV, the differences be- 
tween the two groups of females were not significant (Figure 11). The 
male was only observed to gather food during interval II. For all animals, 
the time spent food gathering was greatest in the interval preceding the 
interval in which they began torpor. This would indicate that food 
gathering may be an asset in gaining weight prior to dormancy although 
there is the possibility that some of this food may remain underground 


and serve as a cache for the brief periods of arousal during hibernation. 


3. Digging. The occurrence of digging for all animals declined 
from the highest percentages in interval I to the lowest in interval IV; 
digging was not performed at all during interval V (Figure 12). "OnLy ota: 
interval I did digging percentages for peripheral females exceed that for 
central females. This was probably due to the fact that fewer burrow 
systems existed on the periphery of the colony from the previous year, so 
that animals living on the periphery had to dig more major and secondary 
burrow systems for shelter than animals in the center, where digging 
activity was more confined to relate aeeitng already existing burrow 


systems. Major and secondary burrow systems were created in all rings, 
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Figure 11: Food gathering activity: . Amount of activity expressed as a 
percentage of total time above ground for each animal for 
each interval. The range and average for both groups of .fe- 
males as well as the total for the male are illustrated for 
each interval. Sample size is the same as for figure 1G. 
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Digging activity: Amount of activity expressed as a percen- 
tage of total time above ground for each animal for each in- 
terval. The range and average for both groups of females as 
well as the total for the male are illustrated for each in- 
terval. Sample size is the same as for figure 10. 
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but over twice as many were created in ring 3 than in rings 1 and 2 (Fig- 
ure 13). However, there was no statistically significant differences in 
digging activity between central and peripheral females during any inter- 
val throughout the season. The male did less than half as much digging 

as either female group in any interval. This is as expected, since he 
defended fewer burrow systems than any female and did not require addition- 


al space underground for a litter. 


4. Bedding material collection. There was an appreciable difference 
in bedding material collection between central females and peripheral 
females (Figure 14). Among central females, the percentage of total ac- 
tivity time devoted to collection of bedding material increased progres- 
sively during the first three intervals of the season and was consistently 
higher than that for peripheral females. The differences for interval 
II were slightly phenifieant (p< .10) and approached significance for 
interval III (p<.20). Bedding material collection for peripheral fe- 
males decreased progressively throughout the season. The least amount 
of bedding material collection among both groups occurred during intervals 
IV and V, and the slight differences between the two groups was not sig- 


nificant. 


5. Grooming. Generally, the percentage of time spent grooming in- 
creased with each interval with two exceptions (Figure 15). The male 
showed the highest incidence of grooming during interval II, the interval 
prior to his disappearance. Grooming increased among peripheral females 
for the first four intervals and then decreased during interval V. Groom- 


ing among central females increased progressively throughout the season, 
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Figure 13: Burrows enlarged or created in 1972. 
rounded by heavy black lines were first excavated or enlarged 
from minor burrow entrances to their present size during sa EE 
Lines enclose the territories of central animals. 


Burrow entrances sur- 
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Figure 14: Bedding material collection: Amount of activity expressed 
as a percentage of total time above ground for each animal 
for each interval. The range and average for both groups of 
females as well as the total for the male are illustrated for 
each interval. Sample size is the same as for figure 10. 
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Grooming activity: Amount of activity expressed as a percen- 
tage of total time above ground for each animal for each in- 
terval. The range and average for both groups of females as 
well as the total for the male are illustrated for each in- 
terval. Sample size is the same as for figure 10. 
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with the highest percentage during interval V. The trend was the same 

for the male and both groups of females. That is, since peripheral fe- 
males tended to enter torpor at the end of interval IV and early in inter- 
val V, and since most central females did not begin torpor until the mid- 
dle of interval V, it would appear that the percentage of time devoted 

to grooming is highest for each group just prior to torpor. Throughout 
the first four intervals, peripheral females spent a consistently higher 
percentage of total activity time on grooming than central females. Only 
during interval V did central females have a higher incidence of grooming 
than peripheral females. However, none of the differences between the 


two groups were statistically significant. 


6. Sunning. Among females, less than one percent of total activity 
was devoted to sunning during any one interval (Figure 16). Differences 
between central and peripheral females were not significant. While never 
a major activity, sunning was six times greater for the male during in- 


tervals I and II than for either female group. 


7. Alert behavior. The percentage of total activity time com- 
prising alert behavior increased during each interval for both groups of 
females throughout the season except for interval V, when it declined 
(Figure 17). Peripheral females showed a slightly greater percentage 
of prolonged alert behavior than did central females except during inter- 
val IV. The increase in alert behavior for central females during this 
interval was most probably due to the residence of the weasel and her 
kits in the central area of the colony. It is assumed that the object 
of alert behavior is the detection of predators and/or other ground squir- 


rels. In spite of the consistent differences in alert behavior between 
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Figure 16: Sunning activity: Amount of activity expressed as a percen- 
tage of total time above ground for each animal for each in- 
terval. The range and average for both groups of females as 
well as the total for the male are illustrated for each in- 
terval. Sample size is the same as for figure 10. 
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Figure 17: Alert activity: Amount of activity expressed as a percentage 
of total time above ground for each animal for each interval. 
The range and average for both groups of females as well as 
the total for the male are illustrated for each interval. 
Sample size is the same as for figure 10. 
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central and peripheral females, the results were not statistically sig- 
nificant for any interval. 

The male showed the greatest amount of alert behavior of any 
animal during the three intervals he was present in the colony. A high 
depree of alert behavior is consistent with his peripheral location within 
the area of the colony, but the amount of alert behavior was considerably 


higher than that of peripheral females. 


8. Investigating. The percentage incidence of investigative activ- 
ity increased seasonally through interval IV and declined to a very low 
level during interval V (Figure 18). Investigating time that preceded 
marking or visiting was categorized under either of the other two activ- 
ities since the actual duration of the activity was so brief. Only in- 
vestigating activity not followed by marking or visiting is considered 
in this category. There was no consistent trend for either central or 
peripheral females throughout the season and differences which occurred 
between the two groups within each interval were not significant. In- 
vestigating by the male was highest during interval I, not observed during 
interval II, and considerably less than either female group during inter- 


Veale ci, 


9. Visiting burrows. Among females, the amount of time spent 
visiting was highest during intervals III and IV (Figure 19). The greatest 
amount of visiting by peripheral females occurred during interval III when 
several were attempting to resettle in more central positions. Among 


central females, the percentage of visiting increased progressively until 


interval V, when it declined. 
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Investigating activity: Amount of activity expressed as a 


percentage of total time above ground for each animal for 
each interval. The range and average for both groups of fe- 


males as well as the total for the male are illustrated for 


each interval. Sample size is the same as for figure 10. 
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Figure 19: 


@ Average for Ring 1 and 2 females 


W Average for Ring 3 females 
HB Total for male © 


i Range 


Visiting activity: Amount of activity expressed as a per- 

centage of total time above ground for each animal for each 
interval. The range and average for both groups of females 
as well as the total for the male are illustrated for each 

interval. Sample size is the same as for figure 10. 
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Central females spent a larger percentage of time visiting than 
peripheral females during intervals II, IV, and V, while the average per- 
centage of visiting was higher among peripheral females than central fe- 
males during interval III. The differences between groups for intervals 
II and IV approach significance (p=.20). None of the other differences 
for the remaining groups were statistically significant. 

The highest percentage of time spent visiting by any animal was 
recorded for the male during interval I. This activity would aid the 
male in locating sexually receptive females but visiting serves a broader 
function for all animals in the colony: by visiting, an animal familiar- 
izes itself with burrow locations within as well as outside its own ter- 
ritory. 

During interval I, the frequency of visits by all females was 
nearly equally divided between burrows within an animal's own territory 
and BBrFOWS elsewhere in the colony (Table 13). During intervals II, 
III, and IV, the increase in visiting activity by both groups of females 
was due to a large increase in the number of visits outside an animal's 
territory. Visiting by an animal within its own territory increased only 
slightly. For all three intervals that he was present, the male seldom 
visited burrows within his territory and almost all his visiting was done 
elsewhere in the colony. 

During interval V, there was great variation in the relative fre- 
quency of visiting and no consistent difference was apparent between the 


two groups. The two ring 3 females remaining visited burrows within and 


without their own territories equally. Three of the five females remaining 


in ring 2 plus the central female (A) continued to visit outside their 


own territories more frequently than within them. The reverse was true 
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Table 13: Location of visits. Location of visits by each animal for 
each interval are given as actual frequencies. For statis- 
tical comparison, figures were converted to a percentage of 
the total amount of time each animal spent above ground. 


Interval 


Animal 


Ring 2 


Total, Ring 1+ and 2 


Ring 3 


2 5) 1 Z 1 5 2 9 
Total Rings) 9 ely 19... 92 [Ney steps 82 106 fee 
M 1 48 3 16 0 1 


lie within own territory 


A= outside own territory 
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for the fourth female in ring 2 and the fifth female in ring 2 was not 


observed to visit at all before her disappearance early in the interval. 


10. Marking. The percentage of time spent marking among females 
increased during the first few intervals of the season and decreased 
again at the end of the season (Figure 20). As with the occurrence of 
visiting, the percentage of time spent marking by peripheral females was 
greatest during interval III and was highest for central females during 
interval IV. Central females spent consistently more time marking than 
peripheral females for every interval. Differences between the two 
groups were slightly significant during interval I (p<.10) and signif- 
icant for interval II (p<.02) and interval IV (p<.01). The highest 
incidence of marking by any animal was recorded for the male during in- 
terval I. After interval I, marking by the male declined, and for both 
intervals II and III, the incidence of marking by the male was lower 
than the averages for both central and peripheral female groups. 

For both visiting and marking, the overall frequency increased 
from intervals I through IV although the overall density of animals in 
the colony was declining (Figure 21). Overall frequency was calculated 
as the frequency of each activity per animal present in the colony per 
hour of observation. Density of animals for each interval was an average 
of the maximum number of animals present above ground at one time for 
each day. There was no significant correlation between overall visiting 


frequency and density of animals or between marking frequency and popula- 


tion density. 
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Figure 20: 


@ Average for Ring 1 and 2 females 


W Average for Ring 3 females 
i Total for male 


1 Range 


Marking activity: Amount.of activity expressed as a percen- 
tage of total time above ground for each animal for each in- 
terval. The range and average for both groups of females as 
well as the total for the male are illustrated for each in- 
terval. Sample size is the same as for figure 10. 
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AVisiting frequency; read lefthand scale 


Figure 21: Marking and visiting frequency relative to population density 
of ground squirrels. Frequencies of marking and visiting by 
the male were omitted from the calculations. 
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ll. Interacting. The amount of time spent interacting for both 
groups of females increased seasonally to a Wein durine interval III 
and decreased during intervals IV and V to percentages lower than any of 
the preceding intervals (Figure 22). Central females interacted more 
than peripheral females during each interval. The differences between 
central and peripheral females were slightly significant during interval 
I (p<.10), significant for interval II (p< .01), and slightly significant 
during interval IV (p =.10). The percentage of time spent interacting 
by the male was considerably greater than that for both female groups 
during interval I, greater than peripheral females but less than central 
females during interval II, and less than both groups of females in in- 


terval III. 


12.) Activity differences between adult and yearling females. Of 


all eleven activities tested over all five intervals, there were only 
three activity differences between adults and yearlings that were slightly 
significant. During interval I, adults spent a greater percentage of 
time standing alert than did yearlings (p=.10). This greater wariness 

of the adults may be a reflection of longer experience. After interval 
I, this difference did not ocuur. During interval IV, adults had a 
higher percentage of visiting (p=.10) and interacting (p<.10) than did 
yearlings. The differences were probably due to the attempts of female 
K (AX3) to resettle near #29 following the death of female I. The change 
in location brought her into frequent encounters with female A(AL1) as 
well as female C(YX2). In addition female F still visited #27 although 
she no longer attempted to resettle there. This persistent trespassing 


caused frequent interactions between females F(AL2) and H(AL2) which 
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Figure 22: 


@ Average for Ring 1 and 2 females 


W Average for Ring 3 females 
Total for male 


1 Range 


Interacting activity: Amount of activity expressed as a per- 
centage of total time above ground for each animal for each 
interval. The range and average for both groups of females 
as well as the total for the male are illustrated for each 
interval. Sample size is the same as for figure 10. 
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contributed to the higher visiting and interacting scores of the adult 


females as a group. 
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SUMMARY OF ACTIVITY CHANGES AND DIFFERENCES BETWEEN FEMALE GROUPS 


1. The highest occurrences of non-social behavior occurred during 
interval I (feeding, digging, sunning) or near the end of the season dur- 
ing intervals IV [sunning, grooming (peripheral female group)] and V 


[feeding, food gathering, grooming (central females) ]. 


2. For all non-social activities, the only significant differences 
between groups was in bedding material collection. Central females 
(rings 1 and 2 combined) spent a consistently greater percentage of time 
at this activity, and differences between central and peripheral females 
were slightly significant for interval II and approached significance for 


Pacervad LEE; 


3. The highest percentages of social activity occurred during in- 
tervals III and IV. Marking, visiting, and investigating were highest 
for peripheral females during interval III and highest for central females 
during interval IV. The percentage of time spent interacting was maximum 
for both groups during interval III and the amount of alert behavior was 


maximum for both groups during interval IV. 


4. The amount of alert behavior was consistently higher among 


peripheral females than central females for each interval but differences 


were not statistically significant. 


5. There were no significant differences in investigating activity 


between central and peripheral females for any interval. 
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6. Central females spent more time visiting during intervals II, 
IV, and V than peripheral females but the differences only approached 
significance for intervals II and IV and were not significant for any 


other interval. 


7. The occurrence of both marking and interacting was significantly 


higher for central females during intervals I, II, and IV. 


8. There were only three slightly significant differences in ac- 


tivity between adult and yearling females. 
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DISCUSSION 


The social organization of Richardson's ground squirrel in a park- 
land ecotone is a colony composed of nearly exclusive spatial territories 
with some evidence for a non-linear hierarchy superimposed on this system. 
Exclusive spatial territorial behavior is defined here as the defense of 
an area excluding all conspecifics, not only conspecifics of the same 
sex (Fisler, 1969). The only exception would be a brief period for 
breeding. Territorial boundaries are not permanently fixed in time and 
space but vary slightly during the season. Boundaries between territories 
are most clearly defined during the period following birth of the young 
but when young still remain underground. Following this interval, boun- 
daries fluctuate as the result of agonistic encounters and become pro- 
gressively less distinct. This is an organizational system based on 
individuals since there is no evidence for any sort of group co-operation 
except for group response to the alarm calls of individuals; there is no 
group co-operation in territory defence or burrow construction as men- 
tioned by King (1955) for the prairie dog, Cynomys ludovtetanus. 

A definition of spatial organization based on the results of agon- 
istic encounters (i.e. the exclusion of conspecifics) is preferable to 
the conventional definition of a "defended area" (Noble, 1939) since there 
is no evidence that the area itself is the object of aggressive behavior 
(Emlen, 1957; emphasis mine). Each female territory contained at least 
one nest site, but the territories could not be considered as nidic only 
since the area from which conspecifics were excluded included other major 
burrow systems besides the one containing the actual nest site. In 


addition, a territory was maintained by the one male in the colony as well 
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as by those females which did not raise litters. 

The additional presence of a hierarchy is not incompatible with 
a system of territorial organization. "Hierarchies and territorial 
systems are not mutually exclusive concepts relating on the one hand to 
sociality and on the other hand to spatial utilization. Rather, these 
two concepts are actually the possible resultant extremes in the evolu- 
tion of mammalian organizational systems with many possible intermediate 
types of systems employing various degrees of spatial territory and 
social hierarchy formation"(Fisler, 1969). Investigators have found 
hierarchies within territorial systems for the field mouse Apodemus 
sylvaticus (Brown, 1966), and for the house mouse Mus musculus (Crowcroft, 
1955) and at high population densities a territorial species may shift 
to a hierarchical system. This has been reported for Mus musculus 
(Davis, 1958; Reimer and Petras, 1967) and for the chipmunk, Tamtas 
strtatus (Wolfe, 1966). Although in the last instance the high densities 
were created under laboratory conditions, it is reasonable to suppose 
that such a situation could develop within a free-living population as 
well. 

That density may be a major factor in the social organization 
of my colony is demonstrated by comparing the population density of my 
study area with other populations of Richardson's ground squirrels. 
Yeaton's (1969) study area on the Saskatchewan prairie contained lo co 
3.26 females and 0.59 to 1.09 males per acre. Density for D. Michener's 
(1972) prairie population falls roughly within the same range as that of 


Yeaton's. Yeaton maintains that both sexes are territorial and does not 


mention any hierarchy among individuals. D. Michener stated that no 


hierarchy was evident for his population (pers. comm.). The only 
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investigator to report a ring arrangement of spatial organization with a 
dominant central female was Quanstrom (1968). Although his thesis reported 
only home ranges of females, the number of individuals on his study area 
indicates a density of 9.47 to 13.7 females per acre. In the present 
study, there were nine females and 0.56 males per acre. It would appear, 
then, that a hierarchy imposed on a system of territorial social organ- 
ization occurs under conditions of high density. It is interesting to 
note that the higher population densities are due to an increase in the 
number of females in the population; there is little difference in the 
density of males on my area and that of Yeaton's. 

Jewell (1966) defines home ranges as "the area over which an 
animal normally travels in pursuit of its routine activities." Results 
of the mobility index indicated that females spend from 20 to 50 percent 
of their time outside their territories and there is nothing to suggest 
that their activities during this time are anything but "routine". But 
when ring 1 and 2 females move outside their own territories, they are 
immediately trespassing on the defended area of another individual since 
territories are adjacent. A hierarchy allows a greater number of animals 
to occupy a given area than does a territorial system. I suggest that 
the population of ground squirrels on this study area was so dense that 
the home range of any one animal included the territories of several 
others and that the establishment of a hierarchy system served to decrease 
the antagonism that must invariably occur with such an overlap. 

Home ranges for male Richardson's ground squirrels are consistently 
larger than those of females (Quanstrom, 1968; Yeaton, 1969). The nearly 
constant density of male S. vichardsonti in spite of the variation in 


density of females may account for the very disproportionate male: female 
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ratio on my study area. It may be that while female S. richardsonti 

Can adapt to high densities, males will not, and the study area is only 
large enough for one. This suggestion is supported by limited obser- 
vations in 1973. This year two males were trapped on the study area in 
April. One had open wounds and fresh scars, the other was unmarked. By 
early May, only the unscarred male was present. 

As Eisenberg (1966) suggests, "diurnal exploitation of open terrain 
could favor colony formation."' A colonial aggregation of animals confers 
advantages on each individual. The presence of more than one animal 
multiplies the probability of detecting the approach of a potential 
enemy. It also provides a suitable social environment for successful 
mating and the rearing of young. The close proximity of the sexes in 
a colony would facilitate mating and since the male regularly moved over 
the entire study area it is unlikely that he would overlook a female in 
estrus. The breeding season occurs shortly after emergence from hiber- 
nation when climatic conditions limit the animal's above ground activity 
to only a few hours in the middle of the day and when little new grass 
is available. There would be little time or energy for males to seek 
mates very far distant. In addition, ground squirrels’ reluctance to 
cross habitat barriers would limit the directions in which they could 
travel. All these limitations would serve to restrict breeding to the 
individuals within a colony. Young are protected in an underground nest 
for the first three or four weeks after birth and are later protected 
from other adults by remaining within their mother's territory after 
emerging above ground. The increased probability of predator detection 
afforded by a colonial group structure is advantageous to the young as 


well as to adult individuals. Also, the presence of numerous individuals 
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may sufficiently confuse a predator so that it would be less likely to 
notice individual minor burrow entrances to nest sites. 

Some factor associated with social status and location may also 
influence reproductive success and this factor may exert more influence 
when population density is high. Although the number of females on the 
study area increased nearly 50 percent from 1971 to 1972, the number of 
young surviving to appear above ground was nearly equal. The average 
litter size was not smaller in 1972; instead, a smaller percentage of 
females were successful in raising a litter at all. The more dominant 
females were the more central females. The central female dominated 
females in rings 2 and 3; ring 2 females dominated their more peripheral 
neighbors in ring 3. Of the five females that did not raise litters, 
one lived in ring 2 and the other four in ring 3 (Appendix I). There 
were significantly more offspring raised in rings 1 and 2 than ingting 
3 (U=52.5, p<.05). Location in relation to reproductive success has 
also been reported for marmots, Marmota flaviventris (Armitage, 1965). 
Fourteen of 19 litters over four years were concentrated in the central 
part of the colony, and in a sub-portion of a colony, only the central 
female raised a litter. Calhoun (1950). reported; that subordinate rats 
had fewer litters. In a population of 5. tridecemlineatus, McCarley 
(1970) found that 86 percent of ground squirrels in the population were 
decended from only 20 percent of the females present in 1963, but he 
does not mention location or social status of the females. 

Transfer of live young from one nest to another was observed for 
six females on the study area and in several instances a litter was 
moved more than once. There was no consistent trend in the direction 


of litter transfer and this activity was not exclusive to either 
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dominant or subordinate females. However, litter transfer may serve to 
decrease the probability of olfactory detection by a predator if nests 
were vacated after they had been fouled by young ground squirrels over 

a period of days or weeks. Evans and Holdenried (1943) reported the trans- 
fer of young S. beechyti by their mother and on investigating found a 
rattlesnake at the old nest site. 

The incidence of food gathering was highest for each group of 
animals on the study area during the interval just prior to their entrance 
into torpor. For the male, this was interval II, for peripheral females 
intervals IV and V, and interval V for central females. The high in- 
cidence of food gathering is likely related to the increase in amount of 
time spent feeding prior to the animal's disappearance. Stored food 
would allow the animal to feed during inclement weather or after dark 
to facilitate maximum weight gain before torpor. However, the possibility 
of some of this food, especially seeds, remaining uneaten long enough to 
serve as an emergency food source during or shortly after hibernation 
remains to be investigated. Since no burrow systems were excavated during 
this study, the possibility of stored food remains only a suggestion. 

The irregular occurrence of food piles separate from bedding material has 
been reported for S. undulatus (Krog, 1954), S&. lateralis (Gordon, 1943), 
S. beecheytt (Fitch, 1948), and S. colwmbtanus (Shaw, 1926). 

Non-injurious types of agonistic encounters comprised a greater 
portion of interactions as the season progressed. A stable social 
organization should serve to reduce conflict among the individual members. 
The highest incidences of potentially injurious encounters occurred when 
the social organization was least stable, i.e. during interval I when 


animals were establishing territories initially and during interval III 
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when some peripheral females were attempting to resettle in a more central 
location. Among chipmunks (Tamtas striatus), chasing and fighting declined 
after the establishment of territories (Wolfe, 1966) and in round-tailed 
ground squirrels (S. tereticaudus), fighting occurred most often when 
squirrels were attempting to establish residency (Drabek, 1970). The 
most frequent component of interactions among S. rtchardsonit was chasing 
and the same has been reported for the tree squirrel, Tamtascturus (Smith, 
1968), and the golden-mantled ground squirrel, S. lateralis (Wirtz, 1967). 
The components of interactions varied according to the animals' age 
class and location. There were consistently more interactions between 
neighbors than between non-neighbors which is consistent with the estab- 
lishment and maintenance of territorial boundaries between adjacent 
animals. Both the most severe and the least severe components of agonistic 
encounters were more frequent between neighbors than between non-neighbors. 
This may be related to recognition of and pressure on established boun- 
daries respectively. Chases were most frequent between non-neighbors. 
A non-neighboring trespasser may be less aggressive due to greater dis- 
tance from her own territory, and unfamiliarity with territorial boun- 
daries beyond her own and her neighbors' so that fewer contact encounters 
(fighting, attacking) between non-neighbors would result. Among marmots, 
most agonistic behavior occurs between neighbors (Armitage, 1965). The 
difference in frequency and severity of encounters among yearlings as 
compared to adults and between adults and yearlings probably reflects the 
greater lack of social experience of the younger animals. Among marmots, 
the number of interactions between adults and yearlings increased for 
the first three weeks following emergence and then the frequency and 


severity declined for the remainder of the season (Armitage, 1965). 
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One advantage of colonial organization is that the combined watch- 
fulness of its members increases the probability of early detection of a 
predator. Although the differencés were not statistically significant, 
peripheral females consistently spent more time standing alert than cen- 
tral females, except daviting the interval that the weasel resided near 
the center of the ground squirrel colony. All hawks approached the colony 
flying very low, rather than dropping directly from higher altitudes, 
and all ground predators had to first cross the peripheral areas to 
reach the central ones. Therefore it is reasonable that peripheral ani- 
mals, having fewer neighbors than central animals, would benefit from 
longer and more frequent periods of alert behavior; this would also be 
beneficial for other members of the colony. What actually motivates 
peripheral animals to spend a greater amount of time in alert behavior 
is not apparent. Support for a relationship between alert behavior and 
predator detection is pedvided by the relative amounts of alert behavior 
during interval IV when the weasel resided in the central portion of the 
colony. During this interval only, central females showed a higher per- 
centage of alert behavior than peripheral animals. The high amount of 
watchfulness by the male is consistent with his peripheral position but 
the percentages are so much higher than either group of females that 
there may be an additional explanation for his vigilance. It has already 
been mentioned that male Richardson's ground squirrels do not exist to- 
gether at the same high densities as do females, and alert behavior 
would aid in the detection of other ground squirrels as well as predators. 
If the reduced density of males is a reflection of a greater intolerance 
for conspecifics of the same sex, then perhaps this heightened degree of 


intolerance also stimulates a heightened degree of watchfulness among 
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male ground squirrels. There was another ground squirrel colony 200 meters 
distant on the far side of the marsh. This colony contained one male and 
the movements of the animais were visible from the study area. Perhaps 
the presence of another male 200 meters away is sufficient to stimulate 
increased watchfulness in another resident male. Another possibility is 
that the male may be less tolerant of conspecifics from outside the 
colony, irrespective of the sex of the trespasser. Strange ground squir- 
réls entered the colony infrequently and were immediately vigorously pur- 
sued by a number of residents which almost always included the male, 
irrespective of the location of the trespasser. Since strangers were 
driven out of the colony so rapidly, it was not possible to trap them to 
determine their sex. 

Marking behavior has been described for several species of ground 
squirrels. Wirtz (1967) describes what appears to be marking behavior 
for S. lateralts, but calls it a type of displacement behavior associated 
with agonistic encounters, and Drabek (1970) expressed the possibility 
of scent marking for S. tereticaudus. Adult male S. beecheytt mark fre- 
quently in the vicinity of their home burrows, and marking is even more 


noticeable in those exploring nearby burrow systems (Fitch, 1948). Among 


" more 


arctic ground squirrels (S. undulatus) in enclosures, males Tew 
than females, but this marking is not a deterrent to territorial invasion 
(Watton, 1969). Among S. richardsontt, Quanstrom (1968) reported the 
dominant female rubbing the area just posterior to her ear on her own 
burrow hill and on the burrow mounds of other squirrels. Among al} sre~ 
ports of marking in mammals, Richardson's ground squirrel is unique in 


that except for interval I, marking is done predominantly by females. 


The male spent considerably more time marking than both groups of 
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females deen interval I, but after this interval, he marked less than 
most of the females on the area. In marmosets, Callithrix jaechus, Epple 
(1970) found that marking frequency of the dominant male increased in 

the presence of a strange male or following exposure to the scent of a 
strange male. In rabbits, Oryctolagus cuniculus, the chin glands used 
in marking are larger in males than in females and the glands are largest 
and most active during the breeding season (Mykytowycz, 1965). Therefore, 
the decrease in marking by the one male may have been due to the absence 
of other males in the colony. But if marking frequency is related to 
reproductive condition, then marking frequency might decline after the 
breeding season irrespective of the presence of other males. 

Among the two groups of females, interacting and marking were the 
only activities that were significantly different between dominant and 
subordinate females. Females in ring 2 spent more time marking than 
females around the periphery and the centralmost female marked one and 
one half times more frequently than any female in ring 2. A111 animals 
marked in the vicinity of their own burrows as well as on or near the 
burrows of other individuals. Marking is apparently no deterrent to ter- 
ritorial invasion in this species since trespassing occurred frequently, 
irrespective of the frequency of marking in various areas. Between cen- 
tral and peripheral females, there was no significant difference in the 
amount of time spent visiting, yet the amount of time spent marking out- 
side an individual's territory was greater for central females. Since 
visiting and marking behavior frequently occurred sequentially, it follows 
that although all animals had nearly the same opportunity to leave a 
scent as they moved about the area, central females did so to a much 


greater extent than peripheral females. Epple (1970) found that 
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dominant female marmosets mark more frequently than subordinate females 
and the marking frequency of the dominant female increases in response to 
the Presence or the scent of a strange female. Ralls (1971) maintains 
that "the species which have been studied experimentally tend to mark 
frequently in any situation where they are both intolerant of and dominant 
to other members of the same species. Such behavior will occur in ter- 
ritorial defense but is by no means restricted to territorial situations." 
The degree of intolerance between female S. richardsonit has not been 
considered, and marking among these animals is not restricted to within 
individual territories nor does it inhibit trespassing. Although the 
message conveyed by marking is not understood, there is a definite pos- 
itive relationship between high frequency of marking and relative dominance 
within a group of female Richardson's ground squirrels. 

Differences in percentage time spent feeding, digging, grooming, 
and sunning were not significant between central and peripheral females 
for any interval. The high incidence of feeding following emergence 
from hibernation and again just prior to entrance into torpor is probably 
related to the energy requirements of hibernation. Sunning activity 
appears related to low temperature and inclement weather. Digging activity 
is more frequent at the beginning of the season when existing burrow 
systems are in a state of disrepair. The greater percentage of digging 
activity among peripheral females was undoubtedly due to the fact. that 
there was an overall increase in population size from 1971 to 1972 and 
there were fewer existing burrow systems around the periphery where the 
additional animals settled. Both digging and feeding activities have 
implications for overwinter survival for the individual, but are not 


directly related to the individual's social position within the group. 
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The percentage of grooming, more than any other non-social activity 
seemed to change inversely with the amount of time spent in various 
social activities. This is quite plausible since all activities were 
compared as percentages of an animal's total time above ground. Thus 
the less time spent on social activities was reflected in an increase 
most noticeably in grooming, a non-social activity. 

Most of the non-social activity differences were not statistically 
Significant due to the wide range of individual variation within each 
group of females. To test for other factors that might cause this var- 
iability within each group, additional tests were made comparing percen- 
tages of activities between adult and yearling females and between lac- 
tating and non-lactating females. The few differences between adult and 
yearling females were only slightly significant. Since more lactating 
females lived in the central rings and most non-lactating females were 
located around the periphery, these group comparisons could not be con- 
sidered independent of ring position. However, the only significant dif- 
ferences were in marking and interacting, and as such, probably reflect 
differences in social status rather than reproductive condition. One 
last comparison was made to try and explain the variation within central 
and peripheral groups. The eight hours of observation each day were 
divided into four two-hour intervals and the activities of each group 
were compared within each interval for each activity to determine any 
temporal difference in activity occurrence or duration. The infrequent 
significant differences corresponded to the activity comparisons between 


groups for entire days; percentage of time of various social activities 


(i.e. marking, interacting) was higher for central than peripheral females 
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with no difference in the temporal occurrence of any activity. The wide 
range of individual variation within each group of females remains un- 


explained. 


' Li i A iy " , ; 
} : ae ia : 
| 5 iy 


obiw eat .ydtvitas iin Bo sonarsua90 44 
“nme enikemer esiamot to quota. aan 


Sen 
ne . pa} ‘ 
nesta ul 
: fF ial 
rei f ia ‘ 
AVY ay i) ty 4) 5 Pt ey 
, i ‘i At ; } : 
ry a i v ’ 
Ae Laat @ 
ys, j aa 
DY al A - 
wa vi 5 
71 va ; % 
% 
; ; . al 
iy i ong excels 
vk ; 4 
vim , ve son ae 
‘ ' is | We J s a 7 
Laem nl hs) Dens ~ 
ea a a sm Wail ane. ae a) 
/ : pi 4 
4 ' 7 Y) a a Obs " Wa : 
peri cy ne Te ee sli 1M Lae og 
' we i j i 
- we F er) , ji iy . 
nD, Ai j yon f ’ aa) ’ Am nai A any 
4 de | 
eae ba “i ~<a S ‘ yw ; ve’? A eee 


i 
i 


LITERATURE CITED 


ARMITAGE, K. B. 1965. Vernal behavior of the yellow-bellied marmot 
(Marmota flavtventrts). Anim. Behav. 13: 59-68. 


BALPH, D. F. and A. W. STOKES. 1963. On the ethology of a population 
of Uinta ground squirrels. Amer. Midl. Natur. 69: 106-126. 


BRADLEY, W. G. 1967. Home range, activity patterns, and ecology of the 
antelope ground squirrel in southern Nevada. Southwestern 
Nature 12 (23 l=Z5o2. 


BROWN, L. E. 1966. Home range and movement of small mammals. Symp. 
Z001...50e.. Lond. 18: 1ll—1472. 


CALHOUN, J. B. 1950. The study of wild animals under controlled 
Condit lonest a Anniietee Y. Acad. Scis, 513571113,1122. 


CLARK, T. W. 1970. Richardson's ground squirrel in the Laramie Basin, 
Wyoming. Great Basin Natur. 30: 55-70. 


CLARK, T. W. and R. H. DENNISTON. 1970. On the descriptive ethology of 
Richardson's ground squirrel. Southwestern Natur. 15: 193-200. 


CROWCROFT, P. 1955. Territoriality in wild house mice, Mus musculus. 
Jif Mammal? §3620i299- 301. 


DAVIS, D. E. 1958. The role of density in aggressive behavior of house 
mice. Brit. J. Anim. Behav. 6: 207-210. 


DAVIS, D. E. 1959. Territorial rank in starlings. Anim. Behav. /7: 
214-221. 


DRABEK, C. M. 1970. Ethoecology of the round-tailed ground squirrel, 
Spermophilus tereticaudus. Ph. D. thesis, Univ. of Arizona. 
108 pp. 


EISENBERG, J. F. 1966. The social organization of mammals. In KUKENTHAL, 
Handb. der Zool. 8(10),7, 1-92. DeGruyter and Co. Berlin. 


EMLEN, Jesu. POR. 1957. Defended area? A critique of the territory con- 
cept and of conventional thinking. Epis 99S Jas 


EPPLE, G. 1970. Quantitative studies on scent marking in the marmoset 
(Callithrix jacchus). Folia Primatol. 13: 48-62. 


EVANS, F. C. and R. HOLDENRIED. 1943. A population of the Beechey ground 
squirrel in northeastern California. J. Mammal. 24: 231-260. 


FISLER, G. F. 1969. Mammalian organizational systems. Contrib. in Sci., 
Los Angeles County Museum, No. 167. 32pp. 


116 


aanTD #8 


i P| ee: . ‘we 


Jomren bell isdwolley? dy 20’ wobvered Remind ae m A APA 
86-22 :£1 (yvaded .mkaA (tah oF 


notteluaeg & Io ygolotts sig nO £68, . anor’ a alae a) 
“SI-801 106 tute -I6EM .xomh .elbety supe! — ner 


ee ee <ogaer ook .VORL wets os | 
raat cman shayett mreidooe of —or ye beng yo cali 
Sfo1eh 280 


= 


nye 2lsurem [fans To seeaiall bas Sgasr amo oe ao ie 
“SMAILE 28% bod .092 «Boos 
on 


bellotsnoo-tebar efemtas bbiw to. ybutea oft deeL a aa 
sSSSI-ELIE :1¢ .boe .bebA XG on -2m0i35ba09 


mheel simars! ody ab laxutupa’ bauoig 2 'qoebanriokd -ONRI Wi :T ot AD 
. 01-2? 306! 383M pbgek 3979" gobo 


to yaolodts sviagizvossb ed a0 .OVel  .KOTeri a a bre We ep er 
OOL+2Ol 2el .1wIst nrsseowd toe _forrkepe Srwoay 2 aogbtsrioLh Mf 


AsSNSeuM swt .sotn sened bhi ak (itisisostrrs? - beer .f ri 
FOE-RON 28€ . LomaeM 1 cs: 


sevod to toivaded avivesitgas ak ythessb fovstox sdf .8eef > «X .@ ,20VAC a 
«OLS FOS: rd, «Vel 3 oc +“ esa ok Ve 


, 


“\ .veded .mick .egailvede at das Setrodivas? et Ml A 


.loriigpe bavorg beltesbavot ad3 ee soloasany 
-emosiz4 to EnV .efesds .d Jat eubweosbisess 


SAM QAUA ot .elemne, 26 cobsask 
stiitee .ad bas Ted wtDs0 
“NOD YXOSEETSD, sdt 200% 
/S@e ee La 


Maen a cece et ae 
MOREE ies “shana” enehae ed 


y-b98 ak ~dtxsno2 a ersten 


FITCH, H. S. 1948. Ecology of the California ground squirrel on grazing 
lands. Amer. Midl. Natur. 39: 513-596. 


GORDON, K. 1943. The natural history and behavior of the western chip- 
munk and the mantled ground squirrel. Oregon State Monogr. 
Studies in Zool. No. 5, Oregon State College. 104 pp. 


GRUBITZ, G. Tit. 1968. Agonistic behavior in male ground squirrels, 
Citellus Oken. Ph. D. thesis, Univ. of Arkansas, 112 pp. 


JEWELL, P. A. 1966. The concept of home range in mammals. Symp. Zool. 
Soc. Lond. 18: 85-109. 


KARPUKHIN, N. M. and KARPUKHINA. 1971. Eye lens weight as a criterion 
of the age of Seturus vulgarts. Zool. Zh. 50: 274-277. 


KING, J. A. 1955. Social behavior, social organization, and population 
dynamics in a black-tailed prairie dog town in the Black Hills 
of South Dakota. Contrib. Lab. Vert. Biol., Univ. of Michigan 
67: 1-123. 


KROG, J. 1954. Storing of food items in the winter nest of the Alaskan 
ground squirrel, Citellus undulatus. J. Mammal. 35: 586. 


LAGERSPETZ, K. 1961. Genetic and social causes of aggressive behavior 
in mice. Scand: Jerpesychol. 2: 167-173. 


MCCARLEY, H. 1970. Differential reproduction in Spermophtlus tridecem- 
Ltneatus. Southwestern Natur. 14: 293-296. 


MCCLEARN, G. E. 1959. Genetics of mouse behavior in novel situations. 
J. COMP. EiyStol. eSych.. | o2: 62-67. 


MCCLEARN, G. E. 1960. Strain differences in activity of mice: influence 
of illumination. J. Comp. Physiol. Psych. 53: 142-143. 


bt] 


MICHENER, D. R. 1972. Population dynamics in Richardson's ground squirrels. 


Ph. D. thesis, Univ. of Saskatchewan, Regina. 116 pp. 


MICHENER, G. R. 1972. Social relationships between adult and young in 
Richardson's ground squirrel, Spermophilus richardsonit 
richardsonit. Ph. D. thesis, Univ. of Saskatchewan, Regina. 


250) DD. 


MONTGOMERY, S. J., D. F. BALPH and D. M. BALPH. 1971. Age determination 


of Uinta ground squirrels by teeth annuli. Southwestern 
Natur. 15: 389-404. 


MOSS, E. H. 1955. The vegetation of Alberta. Bot. Rev. 21: 493-567. 


MYKYTOWYCZ, R. 1962. Territorial function of chin gland secretion in 
the rabbit, Oryetolagus cuniculus. Nature 193: 799. 


\ 


ghisatg ao Loxwxlupe haustrg asmieanied ots 
OCR-EL2 386 ee 


~ghdo mrodesw sft to tekveded bors hdomadl F 4 ey ‘i 
aged 97892 aoget0 > -lewabupa Sevorg beta 


.oq #0! vegelied. sites? sogenO),¢ 28% 


,elowviupe bavety slaw mab volvetiad oeseknogh 
* 08 | are -sssmanie t0- vEaU ,ekssns aa at” ‘et 


LuoS .qage  seheensm: at one emod he fe oe ae 
20k 08 ek 


QOLTSLETS & Be lng tow anol sya. 108! _ANEOUAAS bas a u J we mi 
TUS-STS 702 AN iLook Jedybiplis ewtitet ge age odd to sehid 


noiteiugog bas ,qoltenizagro Isisos ,Tokveded tabase 2e@k. oA oF 7 

elit! dost sdt ais naps gob ebviarq boltat-tyeld » AE eakmanyh ern’ fh 

megidoth to .vinl ,.font .sye¥ sdal .diageed «, sgodutl Adues to ae 
; ESI-1 dl 


nsiealA shit to seen setaiw odd ok pone Hoot) 20 quires , F siget 
.08¢ :@& fads .L eigen ant yett9 vans ee 


yoiverled sviswazegs to esses faikooe tiki oldonae. geen 
ENL-f0l 78 “Hodoyet “t -basse ‘ota 


-menebiat eulityorrsd’ at noltovberdss th satlptici, 
GPS ~ERS had susee ane pap we dre 


| yanokisutie Devon m diieeaiae seven Far “ah. cots 
.NO-88 :S2 dowel, «: 

cca 

soasultat \:esim to qitvison mt asonetabh: tars ‘ees ok wt 
-EMASAL £2 | doyed sibel ule +f | rosgaahoul Lk, to 


.elsytivpé bouorg a'noebaemolt nk esiumeeyp 20 
ga olf -satgen aswaiioséden : GO 


GE gauoy by nero pee tens © 
Pree sc of delegates 


nodseniota ob ect, ,HSDAR Mm. Pre 
iors i3a98 a +13 


nk podzadoee : 
Rf os 


118 


MYKYTOWYCZ, R. 1965. Further observations on the territorial function 
and histology of the submandibular cutaneous (chin) glands in 
the rabbit, Oryetolagus cunteulus (L.). Anim. Behav. 13: 400-412. 


NOBLE, G. K. 1939. The role of dominance in the life of birds. 
Auk 56: 263-273. 


PRYCHODKO, W. 1952. A live trap for ground squirrels. J. Mammal. 33: 497. 


QUANSTROM, W. R. 1968. Some aspects of the ethoecology of Richardson's 
ground squirrel in eastern North Dakota. Ph. D. thesis, Univ. 
of Oklahoma. 12I1pp. 


QUAY, W. B. 1965. Comparative survey of the sebaceous and sudoriferous 
glands of the oral lips and angle in rodents. J. Mammal. 
46: 23-37. 


RALLS, K. 1971. Mammalian scent marking. Science 171: 443-449. 


REIMER, J. D. and M. L. PETRAS. 1967. Breeding structure of the house 
mouse, Mus musculus, in a population cage. J. Mammal. 
48: 88-99. 


SHAW, W. T. 1926. The storing habit of the Columbian ground squirrel. 
Amer. Natur. 60: 367-373. 


SHAW, W. T. 1945. Seasonal and daily activities of the Columbian 
ground squirrel at Pullman, Washington. Ecology 26: 74-84. 


SHEPPARD, D. H. and S. M. YOSHIDA. 1971. Social behavior in captive 
Richardson's ground squirrels. J. Mammal. 52: 793-799. 


SMITH, C. C. 1968. The adaptive nature of social organization in the 
genus of tree squirrels Tantascturus. Ecol. Monogr. 
38% 31-63. 


SOKAL, R. R. and F. J. ROHLF. 1969. Biometry. W. H. Freeman and Co. 
San Francisco. 776 pp. 


SOUTHWICK, C..H. and L. H. CLARK. 1968. Interstrain differences in 
aggressive behavior and exploratory activity of inbred mice. 
Commun. Behav. Biol. 1: 49-59. 


STEINER, A. L. 1973. Self- and allo-grooming behavior in some ground 
squirrels (Scturidae), a descriptive study. Can. J. Zool. 
Et lod tO. 


THOMPSON, W. R. 1956. The inheritance of behavior: activity differ- 
ences in five inbred mouse strains. J. Heredity 47: 147-148. 


it 


sb deselisa est Sbdienarae tame anottavasada: 
mi #basls (ekdo) avosns sua teiedthasudee 
LS-003 85 .vedsi .aindé ed) ost pokaais . 


Lébutd Yo SRHE gag ee atitehes 16 alor'aar 
? bak 4 $ 


Ved 208. DemmmisM |.0) sehobeteiipe: badore ‘et sine we 


f a # aa ; 
e’noubisdoti to ygelonsed4s add to atoagek rer (Baer ia We 


i 


VER pasicens 0 ff 1 atodee aston” laid bet 


soxoibtobve brs auwosokdsa ‘sibs 36> yveviue sessed _ 2001 “.a- Ww YA 


_femisl .L .ctashox at ofges bas aqhi Gato af9 to ebasig: 
| , Neves cae 


SOPS-EAd FEE Sometse geht’ sabes nadneaien ASO Lag 
r ) ee | 
savod ou 3 to axutovaie gaibeetd  sVoel 2AATST oT bas. -G .0 ,MaMIa 
ifsmmsM .b  .SR89 ieee 8 ak _ sndeoaam au .seuom | 
2 ot bai ; 

.fextivpe bovors astdmeiod ed3- to sided pitts we 
NESTE 209" cra “0 


neat :aS wae Loot Prrumgeehienth< 


svidqso ak toivsried Lerooe ~ANes 
COVERY 382 isc wb 


ei3 ol soisersicsy,xo Iskoee 20 SII Be. OV. $45 
sxgeneN . Dost ‘veanncbagobae? eke x 


sspnetetikb aissteteial, .890h a 
oka RATS: Wivisse crodexo pee | Daves 


surest onge al aoiveded gx ~ i 


~tetith qitviias 1eiveded 15) eompaiks 
BAI-VAL GTS) yukborall -L ceakerya ‘bene 


TURNER, J. 


WATTON, D. 


WIENS, J. 


WIMER, R. 


WIRTZ, J. 


119 


Ls, F.C. POWERS, JR BOICE, and X. J. MUSACCHIA. 1970. 
Postural components of elicited aggression in the ground squir- 
rel, C. trtdecemlineatus. Paper presented at the 137th 

annual meeting of the Amer. Assoc. for Adv. of Sci. 


G. 1969. Territoriality in the arctic ground squirrel 
(Citellus undulatus parryi Richardson). M. Sc. thesis, Univ. 
of Western Ontario. 89pp. 


A. 1969. An approach to the study of ecological relationships 


among grassland birds. Ornithol. Monogr. 8: 1-93. 


and H. STERNS. 1964. Controlled visual input and exploratory 


activity in C57B1/6J mice. Percept. Motor Skills 18: 299-307. 


H. 1967. Social dominance in the ground squirrel, C. lateralis 


chrysodetrus. 2Z. Tierpsychol. 24: 342-350. 


WOLFE, J. L. 1966. Agonistic behavior and dominance relationships of 


YEATON, R. 


YEATON, R. 


the eastern chipmunk, Tamtas striatus. Amer. Midl. Natur. 
76: 190-200. 


I. 1969. Social behavior, social organization, and daily 
and seasonal activity patterns in the Richardson's ground 
squirrel, Spermophtlus rtchardsonit. M. Sc. thesis, Univ. of 
Saskatchewan, Regina. 106 pp. 


I. 1972. Social behavior and social organization in Richard- 
son's ground squirrel (Spermophilus richardsonit) in Saskatch- 
ewan. J. Mammal. 53: 139-147. 


LOVRL ama ve <K bap mone 
yikes bnvuerg eft ot) dobee | boa bods tee 
aatel off se boas q toqet RTE 

492 to .vbA 303 pene .xoatd oft 


fayrviupe bavotg ache sits nk atts. 
-vinw ,ebeodd .o¢ iM Cadabsado Et RY ered 


aqidteccitsist tsokaologe Xo wapse edd oF Hosovqgs a, iG 
€0@-i 38 stgon0M Totehakd seacet a 


Ytoiszolqxs fie Seqink feveky boifozsaed .ABRE auesre a bas el ofl 
NOG-0O0 28h. efile ‘rotom saqeoret saobute LO\LATED at hice 


eniuxstnd .o. .forriupe Baworg sda ak eodtse bisob Kehoe ween Hs 
-OZE=SRE 18S - RodoVag gent S. eines Th al 


to eqidencistalex Soanmimob bas soivad zesabavgh | -20e eet aa | 
suse .Ipkt croak vassntase exiant ae clenagiito: satipas a 
| —— a 


& 


Maite nt senbaedoEe ant io sean ; 


to .vinl .eigeris ne. .M 


pias md i pyeg ae Werle : A ; Hy, 


APPENDIX I 


Number of offspring surviving to appear above ground for each female 


ground squirrel in 1972. 


Number of 
Offspring 


Female Age Class 


A = adult 


yearling 


age class unknown 
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APPENDIX II 


Since animals were above ground for various amounts of time during 
each interval, the amount of time spent on each activity by each indi- 
vidual animal was expressed as a percentage of the total time the animal 
was eeerdaa above ground. In some cases, the percentages total slightly 
less than 100 percent since some miscellaneous activities occurred too 
infrequently to be used in a statistical comparison. These miscellaneous 
activities included time spent chasing the weasel, allo-grooming, and 
interactions between females and their offspring such as playing and 
grooming. Play was not observed between adult ground squirrels. Actual 
time spent above ground and percentage of time spent on each activity are 
given for each of 16 animals for each interval. Very few observations 
were recorded for female Q until she moved to burrow #29 during interval 
IV. Data for this animal are not included in the appendix and were not 


used in any statistical analyses. 


*Although the underlying assumption is that the amount of variation 
between each ring was correlated with social status, occasionally other 


variables also contributed slightly to the variation. 
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Appendix II (continued) 
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Appendix II (continued) 


Interval II, May 8 to May 30 
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Appendix II (continued) 


Interval IV, June 15 to June 30 
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interval V, July 1. to July 30 
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